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FOREWORD 

Tills  paper  Is  substantially  the  same  as  "Docunent  and  Message 
Routing  through  Communication  Content  Analysis,”  presented  at 
the  IntematloneQ.  Federation  for  Information  Processing  Congress, 
Syngposlum  on  Optimum  Routing  In  Large  Networks,  In  Munich, 

31  August  1962. 


ABSTRACT 


This  is  an  introductory  report  of  an  investigation 
concerned  with  developing  procedures  for  utilizing  certain 
statistical  properties  of  messages  or  documents;  these 
properties  to  be  used  for  message  routing  or  retrieval. 

This  approach  applies  the  most  elementary  relation  among 
the  words  making  up  a  message  that  of  word-word  co-occttrrence 
probability  patterns.  It  is  shown  that  any  message  material, 
be  it  natural  language,  code,  or  index  terms,  can  be  proc¬ 
essed  provided  that  the  input  is  compatible  with  the  input 
requirements  of  the  computer. 
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STAT1^TICAL  ASSOCIATION  FROCEDUBES  FOB  MESSAGE  CONTENT  ANALYSIS 

THE  ISVELOFMENT  OF  A  METHOlXmiY  FOB  STATISTICAL  ASSOCIATION 
Approach  to  the  Problem 

Th«  voxk  of  this  Investigation  Is  concerned  vlth  developing 
procedures  for  coding  certain  statistical  properties  of  messages  (or 
docianents)  contained  within  an  Infonaatlon  system,  and  then  using  these 
codes  for  message  routing  or  retrieval  The  statistical  approach 
applies  the  most  elementary  relation  among  message  units,  that  cf 
co-occurrence  prahahlllty  patterns.  The  haslc  strategy  Is  to  proceed 
as  far  as  possible  vlth  a  minimum  of  assumptions  about  the  linguistic  or 
semantic  organization  of  the  Information  within  the  message  structrire. 

This  strategy  implies  a  rather  mechanistic  approach  to  language 
processing  and  that  Is  indeed  the  case.  Ve  assume  the  Information  con¬ 
tained  In  a  message  Is  carried  by  the  words  that  make  It  up,  and  by  the 
manner  In  which  they  are  strung  together.  Further,  we  assume  a  person 
generating  a  message  or  document  chooses  words  In  a  nonrandcm  fashion 
and  combines  them  according  to  semantic  and  syntactic  rules  that  are 
regular  and,  at  least  In  our  culture,  to  seme  extent  predictable.  That 
Is,  both  the  selection  of  elements  and  their  co-occurrence  vlth  other 
elements  are  subject  to  restrictions  by  the  contexts  In  which  they  occur. 
Evidence  fren  Information  redundancy  experiments  Indicates  such  an  assump¬ 
tion  Is  reasonable.  He  intend  to  exploit  the  regularities  of  these  :.r. 
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soclatlons  among  words,  Ignoring  the  specific  nature  of  the  rules  which 
produce  such  regularity  and  thereby  restricting  ourselves  to  coding  and 
use  of  the  resulting  statistical  features  alone. 

Before  discussing  specific  coding  and  routing  or  retrieval  tech¬ 
niques,  it  is  clear  certain  Ideals  or  requirements  should  be  taken  into 
account.  First,  any  machine  technique  for  coding  messages  should  be  able 
to  accept  and  analyze  large  amounts  of  natural  message  content  relating 
to  a  wide  range  of  topics.  In  responding  to  retrieval  search  or  routing 
demands,  a  routing  technique  should  be  able  to  draw  upon  its  total  re¬ 
source  of  stored  content  coded  itiformatlon,  not  only  to  select  an  ap¬ 
propriate  response,  but  more  Isqportant,  to  iji^rove  its  program  for  Inter¬ 
preting  such  demands  and  responding  to  them.  Both  techniques  should  be 
able  to  improve  with  experience,  and  the  combined  system  of  the  two  tech¬ 
niques  should  be  able  to  accept  and  use  program  or  procedural  information 
In  the  same  form  as  any  other  Input,  including  data.  The  system  should 
be  able  to  code  the  content  from  messages  In  a  fully  mechanical  manner. 

It  also  should  be  able  to  relate  new  content  to  other  statistically  rele¬ 
vant  content  cLLready  In  memory.  From  its  reservoir  of  information,  it 
should  be  able  to  elicit  the  necessary  clues  as  to  which  messages  are 
relevant  to  each  other,  especially  in  response  to  a  message  which  is  also 
a  query.  For  such  a  system  to  be  reasonably  adaptable,  it  also  should  be 
able  to  perform  these  functions  without  an  index,  grammar  book,  dictionary, 
thesavcruB  or  other  formea  constraint. 
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In  reviewing  tbeae  requirements  it  is  evident  that  we  are  defining 
an  approach  similar  in  many  ways  to  the  vay  htonans  appear  to  retrieve 
information  from  their  ovm  memories.^  Typicailly,  humans  seem  to  start 
with  the  query  words  and  then  associate  these  with  other  words  until  the 
information  they  seek  is  hroxight  to  their  conscious  attention.  This 
process  of  association  of  elements  is  so  basic  and  dbvious  that  Aristotle 
reasoned  that  to  learn  was  to  associate.  However,  although  association 
theory  hcus  been  known  for  many  years,  little  use  has  been  made  of  it  ais 
a  methodology  for  information  processing.  In  fact,  literature  on  the 
use  of  statistical  associations  for  information  processing  is  quite 
limited,  althou^  at  least  three  significant  contributions  of  a  methodo- 
loglcBl nature  appear  to  be  of  direct  relevance.  All  are  concerned  with 
the  use  of  index  terms,  from  a  specified  library  of  index  terms,  to  re¬ 
trieve  documents  from  a  specified  library  of  documents.  All  involve  ob¬ 
taining  descriptive  statistics  to  indicate  the  extent  to  which  specific 
index  terms  occur  together  in  tagging  the  various  dociaqentB  of  the  li¬ 
brary.  Such  descriptive  statistics  then  are  used  to  esqpand  from  one  or 
more  index  terms  used  in  a  query  to  a  set  of  associated  terms,  based 
upon  evidence  of  the  co-occurrence  tendencies  of  the  various  terms. 

^or  an  interesting  exaniple  of  one  way  humans  retrieve,  see  Freud 
(1938,  p.  ^7A).  References  are  listed  by  name  and  date  at  the  end  of 
the  report. 
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Previous  ReBearch  on  Statistical  Asgoclatlon  Technl 

Naron  and  Kuhns  (i960)  Investigated  statistical  association  tech¬ 
niques  as  part  of  a  more  general  methodological  attack  on  the  problem  of 
document  retrieval.  Starting  with  a  catalog  of  Index  terms,  and  a  li¬ 
brary  of  documents,  a  statistical  matrix  of  association  frequencies  Is 
developed. 


where 

T  Is  a  tag  In  the  original  request. 

J 

Tj^  Is  a  tag  not  In  the  original  request. 

N(Tj,Tj^)  *  the  number  of  documents  In  the  library  tagged  Jointly 
irlth  both  Tj  and  Tj^. 

N(Tj,^j^)  =  the  number  of  documents  tagged  with  Tj  and  not  with  Tj^. 

N(T.)  s  the  total  number  of  docimients  tagged  with  T.. 

J  J 

N(^,)  *=  the  total  number  of  documents  not  tagged  with  T  , 

0  0 

n  >  the  total  nxzznher  of  docimientB,  and  so  forth. 
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From  these  descriptive  statistics,  Nsrou  and  Kuhns  develop  three 
different  measiures  of  closeness  of  association  for  index  terms.  One 
is  the  conditional  prohshlllty  that  if  a  term  in  the  original  request 
T  is  assigned  to  a  document,  then  the  additlcsial  term  T.j  also  will  be 
assigned: 


P(Tj^|Tj) 


N(^ 


(1) 


The  second  measture  is  the  inverse  conditional  probability;  that 

is,  the  probability  that  if  the  additional  term  T  is  assigned  to  a 

& 

doc\iment,  then  the  original  request  term  T.  also  would  be: 

J 


P(tjlT^) 


"(T,,!  ) 


V 


(2) 


Finally  they  use  the  contingency  estimate,  or  estimate  of  the  fre¬ 
quency  of  co-occurrence,  independent  of  the  individtxal  and  separate  in¬ 
fluences  of  the  two  terms  which  form  the  co-occurrence  in  question. 

They  remove  the  magnitude  to  be  e:qpected  on  the  basis  of  chance  from  the 
act\ial  cell  magnitude,  taking  into  account  the  nimiber  of  times  the  in¬ 
dividual  tags  are  used. 


6(Tj,T^)  =  N(Tj,T^)  - 


N(Tj)  N(T^) 


n  -  (3) 

Maron  and  Kuhns  then  introduce  an  arbitrary  coefficient  of  associa¬ 
tion,  based  upon  6(Tj,Tj^),  which  ranges  conveniently  from  -1  to  +1  with 
a  magnitude  of  zero  for  the  condition  were  6(Tj,Tj^)  is  zero.  This  co- 
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efficient  is  of  the  form: 


Stiles  (1961)  also  starts  vlth  a  contingency  table  of  the  form  pre- 
viotusly  noted.  However,  he  introduces  a  different  coefficient  of  asso¬ 
ciation: 

v2 


,  nCiael  -  2^ 


“'‘k'  "''■y  (5) 

Doyle  (i960)  uses  still  a  third  measure  also  drawn  from  a  contingency 
table,  to  indicate  strength  of  association: 


N(T^,Tj^)n 

"‘V  (6) 

In  each  of  the  three  approaches  cited,  the  investigators  tend  to  adopt 

the  same  basic  data  structure  from  which  to  develop  their  analyses.  They 

pass  over  the  question  of  how  many  terms  are  used  to  index  any  particular 

document  and  start  vlth  the  total  popiG.atlon  of  Indexed  documents  as  a 

base.  They  divide  this  population  of  documents  into  those  that  exhibit 

the  common  property  of  having  been  indexed  by  Tj,  with  and  without 

and  those  not  Indexed  by  T.,  with  and  without  T.  .  Using  various  nor- 

j  * 

mallzlng  procedvires,  they  adjust  the  sizes  of  these  various  groups,  es¬ 
pecially  the  group  T  .,T.  ,  to  remove  any  effect  that  might  result  from  the 
J  * 

tendencies  of  Tj  and  T^^,  separately,  to  occur  frequently  in  general. 

Some  kind  of  nomwLllzatlon  is  required,  because  the  more  frequently  an 
index  word  occurs,  the  more  likely  it  will  co-occur  vlth  some  other  term, 
slniply  on  the  basis  of  chance.  The  techniques  used  by  Maron  and  Kuhns, 
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Stiles,  and  Doyle,  however,  do  not  treat  the  fact  that  the  more  lengthy 
the  string  of  Index  words  used  to  Index  a  document,  the  more  lihely 
that  co-occ\irrences  Involving  the  terms  In  the  string  are  due  to  chance. 

For  a  library  retrieval  problem  this  might  be  little  more  than  a 
minor  omission.  If,  for  exaog^le,  the  number  of  terms  used  to  Index  all 
documents  Is  a  constant. .  However,  If  data  on  statlstlcsLl  co-occurrence 
are  drawn  from  the  actual  strings  of  words  In  nature^,  language  that  com¬ 
prise  the  body  of  a  document  or  message,  then  such  fau:tors  as’  string 
length,  word  position  in  the  string,  and  vocabulary  size  might  signifi¬ 
cantly  Influence  the  tendency  of  words  to  co-occ\ir.  Accordingly,  we 
would  like  to  argue  that  a  statistical  eissoclatlon  technique  should  take 
into  account  such  factors  and,  further,  that  it  should  not  be  dependent 
upon  the  particular  level  of  message  aggregation  being  considered. 

Preliminary  Considerations  for  a  Statistical  Association  Methodology 

Before  discussing  a  method  for  accounting  for  these  effects,  it 
would  be  useful  to  define  ovn:  terms  and  examine  their  In^llcatlons.  As 
previously  stated,  the  message  is  a  r>arrier  of  information  or  content. 
The  smallest  message  carrier  of  content  is  probably  the  alphabetical 
letter,  number,  or  arbitrary  punctuation  mark.  This  is  a  message  of 
minimum  size.  A  continuous  string  of  such  marks,  cammonly  a  word,  may 
be  thought  of  as  a  somewhat  larger  message.  At  a  still  larger  level  of 
aggregation,  a  string  of  words,  perhaps  a  sentence  or  a  paragraph,  is 
also  a  message.  Similarly,  documents,  books,  clusters  of  books,  and  so 
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forth;  aore  messageB  of  Increasing  levels  of  aggregation. 

Analytical  techniques  for  determining  message  or  doctaaent  content 
do  not  necessarily  have  to  change  radically  because  of  the  magnltvide  of 
message  aggregation  being  considered.  The  procedures  one  uses  to  examine 
the  siibject  matter  Index  of  a  library  card  file  may  be  similar  to  the 
procedures  for  understanding  and  searching  the  Individual  book  cardS; 
which  In  turn  may  parallel  the  procedures  used  with  a  book's  table  of 
chapter  contents;  Its  page  IMex,  or  the  paragraphs  and  sentences  of  an 
Individual  page  Itself. 

Therefore;  to  maintain  stress  upon  the  common  denominator;  we  will 
consider  all  of  the  strings  that  constitute  messages  as  a  clasS;  becom¬ 
ing  specific;  when  necessary;  by  Indicating  the  size  or  level  of  aggre¬ 
gation  for  any  string.  Alphabetical;  nimierlcal;  or  punctuation  mark 
messages  are  one  level  of  aggregation  smaller  than  those  considered  In 
detcd.1  at  this  point.  The  units  of  Immediate  concern  are  words ;  strings 
consisting  of  a  few  words,  and  strings  of  such  strings.  Including  those 
larger  strings  that  range  from  sentences  or  titles,  to  paragraphs  or 
abstracts,  to  articles,  and  so  forth. 

We  establish  the  following  working  definition:  a  word  type  Is  the 
smallest  unit  of  analysis  and  always  has  the  Identical  configuration  of 
alphabetical;  numerical,  and  conventional  marks.  Thiis,  the  word  type 
man  Is  different  from  men  or  man's.  Similarly  are,  and  am  are  dlf- 
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ferent  types.  Types  nay  vary  In  size  from  one  symbol  to  many.  The  only 
requirement  Is  that  the  symbol  arrangement  remains  the  same  for  the  sane 
type. 


The  ability  of  a  person  to  react  differently  to  the  string  of  letters 

man  In  contrast  to  the  string  men,  man,  or  manx  reflects  the  Influence 

of  differing  structurcLL  arrangements  of  Identifiable  elements.  The 

string  man  Is  a  unique  system  that  might  be  represented  by  the  sljiple 

flotfgraph  below  In  which  the  numbers  give  the  distance  between  the  ele- 

n 

ments  of  the  string 

m 

a 

or,  by  the  somewhat  more  redundant  association  list 

m  o- . ^ . 0  a 

_  1 

a  o-  —  '  o  n 

_  2 

m  o  .  I  —  -  o  n 

The  arrangement  or  association  of  words  can  be  represented  In 
the  same  way  to  Identify  a  sentence,  or  the  association  of  sentences 
can  Identify  a  paragraph.  This  ailso  applies  to  messages  of  larger  ag¬ 
gregation.  For  example,  the  string  Mary  would  like  John  has  an  Identity 
characterized  by  the  co-occurrence  of  the  four  words,  the  specific  se¬ 
quence  of  the  words,  and  the  distance  among  them: 
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would 


Mary 


like 


In  association  list  form  the  string  would  have  the  representation: 

1 


Mary  o- 


-o  would 


Mary  o- 


-0  like 


Marj  o- 


-o  John 


would  o- 


-0  like 


would  o- 
like  o— 


-o  John 


-0  John 


In  this  way  a  message  at  any  level  of  aggregation  can  he  represented 
structxirally  by  its  co-occurring  unite  at  the  next  lower  level  by  merely 
specifying  the  directions  and  distances  among  them. 

As  further  Illustration  consider  the  following  title,  descriptors, 

2 

and  abstract  e^s  one  message: 

(title)  Psychophysical  relations  in  the  visual  perception  of 

length,  area  and  volume. 


Armed  Services  Technical  Information  Agency  No.  AS-262  1^ 
(30  August  1961). 
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(descriptors)  Visual  perception,  Perception,  StLaulatlon,  Teste, 
Measurement. 

(abstract)  Subjective  length,  area  and  volume  as  functions  of 
the  corresponding  stlmuliis  variables  were  st\idled 
In  three  eiqperlments .  The  esqponents  of  the  psycho¬ 
physical  power  functions  scattered  around  1  for  per¬ 
ception  of  real  space.  For  perspective  drawings  of 
cubes  and  spheres,  however,  the  e:qponents  were  about 
0.75*  It  was  tentatively  concluded  that  perspective 
Is  an  Insufficient  cue  to  visual  volisae.  The  results 
are  discussed  with  special  reference  to  certain  carto¬ 
graphic  symbols  representing  population  magnitude. 


Just  for  this  example,  ve  will  establish  the  following  convention. 

A  word  type  Is  any  unique  sequence  of  exclusively  alphabetical  symbols 

with  one  or  more  blank  spaces  preceding  and  following  It,  but  without 

blank  spaces  In  the  sequence  Itself.  Capital  and  lower  case  letters  are 

to  be  considered  Identical,  and  all  numbers  and  punctuation  are  Ignored 

In  Identifying  types.  A  primary  string  is  specified  aui  terminating  with 

the  presence  of  a  punctuation  mark  directly  followed  by  two  or  more 

spaces.  This  specification  results  In  choosing  as  primary  strings  those 

sequences  of  words  that  correspond  to  what  we  ordinarily  identify  as 

sentences.  Accepting  these  conventions  we  can  represent  the  message  as 

a  secondary  string  composed  of  sentence  length  primary  strings: 

Psychophysical  relations  in  the  visual  perception  of  length 
area  and  volume.  Visual  perception  stimulation  tests  measure¬ 
ment.  Subjective  length  area  and  volume  as  functions  of  the 
corresponding  stimulus  variables  were  studied  In  three  experi¬ 
ments.  The  exponents  of  the  psychophysical  power  functions 
scattered  around  for  perception  of  real  space.  For  perspective 
drawings  of  cubes  and  spheres  however  the  e:q>onents  were  about. 

It  waus  tentatively  concluded  that  perspective  is  an  insuffi¬ 
cient  cue  to  visual  volume.  The  results  are  discussed  with 
special  reference  to  certain  cartogpraphlc  symbols  representing 
population  magnitude. 
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This  message,  or  any  part  of  It,  also  can  be  represented  by  an  as¬ 
sociation  matrix,  where  the  columns  represent  the  first  word  In  a  pair, 
the  rows  represent  the  second  word,  and  the  cell  entries  Indicate  the 
frequency  for  each  of  the  co-occurrences.  This  matrix  Is,  in  effect,  a 
simple  coded  representation  of  part  of  the  structural  content  of  this 
one  message.  With  the  addition  of  other  messages  from  the  same  corpus, 
the  matrix  could  gradually  grow  to  reflect  the  co-occurrences  of  types 
in  all  the  messages  of  the  corpus  in  question.  This  matlrx  would  reflect 
the  statistical  structure  of  the  corpus,  showing  which  types  were  mso- 
clated  and  to  what  extent. 

The  Bevelopment  of  a  Statistical  Association  Technique 

The  actual  frequency  of  occurrence  of  any  pair  of  word  types  Is 
partially  a  function  of  the  relevant  tendency  for  the  two  word  types 
to  co-occur  because  they  are  associated  In  some  meaningful  manner. 
However,  It  Is  also  a  function  of  the  separate  tendencies.  Irrelevant 
for  this  purpose,  of  either  of  the  word  .types  to  occur  with  all  other 
word  types  in  general.  For  example,  a  specific  word  type  will  be  the 
first  type  in  as  many  pairs  as  there  are  other  types  following  It  In  a 
string.  Similarly  It  will  be  the  second  type  In  as  many  pairs  as  there 
are  other  types  preceding  it  in  a  string.  A  word  type  will  also  form 
pairs  as  a  function  of  how  frequently  It  occurs  as  a  type  In  .the  set  of 
strings  under  consideration. 

It  is  desirable  to  normalize  to  eliminate  these  extraneous  In¬ 
fluences:  frequency  of  word  occurrence,  relative  word  position,  and 
string  length.  This  can  be  accomplished  by  subtracting  from  the  actual 


aOMHl-lOSO»TJ  OS^OOHCO 


frequency  of  pair  occurrence  an  estimate  of  the  frequency  elected  on 
the  basis  of  chance  and  position  of  occurrences  as  veil  as  sentence 


L3 


length  for  each  of  the  two  words  that  cos^rlse  the  pair  in  question, 
as  follows.  We  start  with  a  matrix  of  frequencies  of  co-occvarences: 

FIRST  POSITION 


H(xj^,yj) 

»(x^,y^) 

»(Xj) 

»(V 

»(yj) 


»(y^) 


Ik 

where 

■  the  frequency  of  co-occurrences  with  word  type  J 
preceding  word  type  J. 

-  the  frequency  of  co-occurrences  with  word  type  J 
preceding  word  type  k. 

»  the  ftrequency  of  co-occurrences  with  word  type  J 
preceding  token  which  are  not  of  word  type  J  and 
not  of  word  type  k. 

s  the  sun  of  the  frequencies  of  all  co-occurrences 
with  word  type  J  in  the  first  position. 
m  the  sum  of  the  frequencies  of  all  co-occurrences 
with  word  type  k  in  the  second  position. 

=  the  grand  total  frequency  of  co-occurrences. 

The  total  frequency  of  pairs  that  Includes  the  word  type  J  in  the 
first  position,  N(Xj),  is  equal  to  the  portion' of  'the  length  of  the 
string  that  follows  the  type  J,  summed  o'vrer  the  total  number  of  oc¬ 
currences  of  the  type.  Similarly  the  total  fi-eipiency  of  pairs  that  in¬ 
cludes  the  type  k  in  the  second  position,  N(yj^),  is  equal  to  the  length 
of  the  string  that  precedes  the  type  k,  summed  over  the  totd  number  of 
occurrences  of  the  type. 

)/  ®o  forth, 

supply  a  statlstlcsd  estimate  of  the  cell  magnitude  that  could  be  ex¬ 
pected  because  of  the  extraneous  factors  of  frequency,  position,  and 


The  row  and  column  totals  N(Xj),  N(Xj^),  N(yj 


»(.j) 

»<y^) 
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string  length.  Subtracting  the  customary  contingency  table  correction 
from  the  actual  cell  magnitudes,  this  estimate  of  cell  magnltiide  can 
serve  as  a  first  level  normalisation. 


Sven  with  this  correction,  the  cell  frequencies  are  still  a  func¬ 
tion  of  the  actual  magnitude  of  the  total  corpus  of  pairs  and  the  total 
number  of  word  types  Included  In  the  entire  matrix.  Thus  the  greater 
the  total  number  of  pairs,  the  greater  the  number  to  be  expected  In  any 
cell.  Similarly,  the  fewer  the  number  of  word  types,  the  fewer  the 
number  of  matrix  cells,  and,  therefore,  the  greater  the  number  of  pcdrs 
to  be  expected  In  any  one  cell.  Consequently,  correction  of  cell  fre¬ 
quencies  proportional  to  the  total  frequency  of  pairs  and  Inversely  pro¬ 
portional  to  the  number  of  matrix  cells  results  In  a  set  of  weights  which 
Is  normalized  for  extraneous  factors.  The  resultant  cell  weights,  Zs, 
serve  as  one  estimate  of  the  Influence  of  association  forces  Independent 
of  Individual  frequencies,  sentence  lengths,  number  of  different  types 
and  total  nvnnber  of  pairs  within  the  corpus  under  consideration: 

N(x^,y^)  N(x^)N(yJ)1 


Z(Xj,yj^)  -  n 


%ote  that  this  Initial  correction  Is  Identical  to  the  contingency 
table  correction  made  by  Maron  and  Kuhns,  and  Stiles  on  their  matrix 
tabular  data,  although  these  Investigators  use  row  and  column  totals 
based  upon  frequency  of  type  occurrence,  Ignoring  the  variable  of  how 
many  types  are  used  to  Identify  a  document  (our  notion  of  string  length). 


16 


where 

N(xyy^)  ■  the  frequency  of  co-oce\irrence  of  types  1  euid  J. 

N(Xj)  ••  the  total  frequeocy  of  co-occurrences  with  token  1  ss 
first  type. 

N(yj^)  ■  the  total  frequency  of  co-occiarrences  with  type  J  as 
second  type. 

*  the  total  frequency  of  co-occurrence  of  all  types, 
n  «  the  nvunber  of  different  types. 


When  the  direction  of  co-occurrence  is  not  considered,  the  matrix 
can  be  collapsed  into  triangular  form  which  reflects  Joint  occurrence, 
where  pairs  with  the  words  reversed  in  direction  are  combined.  Kach 
matrix  cell  of  such  a  triangular  matrix,  except  the  cell  where  J  equals 
k,  is,  in  effect,  the  sum  of  two  cells 

N(xj,yjj)  + 

In  this  case,  the  correction  for  extraneous  factors  would  be: 

N(x^,yj^)  +  N(Xj^,yj)  N(xj  +  y^)  N(Xj^  +  yj^) 

2W  2 


n(ttfl) 


Z  (xyyjj)  -  2 


N 


where  N(x  +  y.)  =  the  total  frequency  of  pairs  containing  type  J  in 

J  V 

either  position.  Therefore,  N(x.,y  )  is  counted  twice. 

J  J 


If  the  matter  of  distance  of  displacement  of  the  words  in  the  pairs 

is  Ignored  for  the  moment,  a  matrix  of  co-occurrences  based  upon  the 

statistic  Z'(x.,y. )  would  appear  to  reflect  one  statistical  tendency 
J  K 

of  pairs  of  types  to  associate.  The  matrix  is  adaptive  in  that  it  starts 
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vith  no  cell  velg^ts  if  there  has  been  no  input  of  strings.  Then  as  the 
inputs  begin  and  contintie,  the  matrix  continues  to  grow  and  change  as  it 
digests  ever-increasing  quantities  of  pairs.  Each  normalized  cell  weight, 
Z',  rises  and  falls  with  time  as  eeich  specific  association  increases  or 
decreases  in  relative  frequency.  In  this  way,  the  matrix  memory  of  as¬ 
sociations  changes  with  time,  maintaining  a  cumulative  pattern  of  asso¬ 
ciations  reflecting  one  statistical  characteristic  of  messages  fed  into 
it  in  the  past. 

In  addition  to  this  adaptive  characteristic  of  changing  memory  with 
time  and  with  changes  in  Inputs,  the  matrix  is  also  readily  subject  to 
formal  education.  Any  specific  cell  weight  can  be  strengthened  by  re¬ 
peatedly  reading  into  the  matrix  memory  the  specific  strings  that  contain 
the  desired  association.  For  example,  by  introducing  the  strings  is  am» 
l8  are,  am  is.  am  are,  are  is,  and  are  am,  we  can  increase  the  statisti¬ 
cal  tendency  of  the  tokens  to,  and  are  to  be  associated. 

More  complex  learning  can  be  accomplished  by  the  introduction  of 
strings  such  as  man  men,  men  man,  singular  plural,  plural  singular, 
man  singular,  men  plureJ,.  In  a  similar  way,  we  can  build  chedns,  lists, 
trees,  and  circles  of  associations.  A  chain  would  be  formed  through  the 
repetitive  input  of  the  strings  of  types  such  as  a_b,  b  c,  c  d.  and  so 
forth.  A  list  would  involve  input  strings  of  the  form  a  b,  a  c,  a  d, 
a  e,  a  f,  where  the  word  a  is  the  list  heading,  and  the  other  words  are 
subordinate  entries  in  the  list.  A  tree  would  Involve  Introducing  the 
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strings  a_b,  b  c,  b  d,  c  e,  c  f,  d  g,  d  h.  Circular  associations  of  the 
form  a  b,  b  c,  c  d,  d  a  could  also  be  formed.  In  fut^  any  particular 
configuration  of  links  is  possible  through  the  development  of  an  appro¬ 
priate  set  of  input  strings. 

We  have  outlined  one  method  for  building  a  matrix  of  statistical 
associations  which  has  the  general  properties  of  being  able  to  accept 
emd  analyze  unlimited  amounts  of  natural,  language  text  dealing  with  a 
wide  range  of  topics.  The  potential  uses  of  such  a  technique  for  form¬ 
ing  content  association  matrices  are  varied,  each  potential  use  depend¬ 
ing  on  a  number  of  further  considerations.  First,  one  must  evaluate  the 
suitability  of  an  association  model  to  the  problem  area.  Second,  there 
is  the  question  of  whether  a  statisticeLl  approach,  rather  than  a  deter¬ 
ministic  solution,  is  acceptable.  FinaCLly,  there  is  the  empirical  con¬ 
sideration  of  whether  a  matrix  of  content  associations  of  this  type  is 
powerful  enough  by  itself  to  satisfy  the  needs  laqplicit  in  any  problem 
at  hand.  The  specific  applications  that  we  Intend  to  explore  are: 

(l)  message  or  document  retrieval  from  a  library  of  such  messages  or 
documents,  and  (2)  message  or  document  dissemination  or  routing.  We 
are  currently  in  the  process  of  inqplementing  a  computer-based  experi¬ 
mental  system  for  establishing  and  using  the  statistical  association 
matrix  for  message  routing  and  retrieval  along  the  lines  suggested 


above. 
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PROGRAMMING  THE  STATISTICAL  ASSOCIATION  TECHNKJUE 
Input  Program 

As  Indicated  previously,  any  natural  language  message  material  can 
serve  as  an  input  as  long  as  it  is  in  a  form  compatible  with  the  input 
requirements  of  the  conq)uter.  The  input  may  consist  of  a  complete  mes¬ 
sage  or  document,  message  abstracts,  titles,  or  key  words  and  may  be 
placed  in  the  computer  by  any  acceptable  input  device.  At  present,  very 
few  extensive  docimients  or  message  files  are  in  a  form  suitable  for  tise 
as  direct  input;  to  make  iqj  a  deck  of  punched  cards  for  a  book,  for  ex¬ 
ample,  is  a  major  effort.  However,  there  are  two  types  of  inputs  cin:- 
rently  available  that  show  promise:  the  teletype setter  paper  tape  used 
by  the  national  magazine  and  newspapers  for  regional  printing  control 

and  the  paper  tape  output  used  by  some  document  producing  agencies  for 

I4. 

the  same  or  similar  purposes. 

For  ovu:  initial  efforts,  a  search  was  undertaken  to  locate  suitable 
natural  language  corpora  siLready  in  a  computer-compatible  form.  Certain 
criteria  of  adequacy  were:  (l)  representative  of  a  heterogeneous  message 
or  document  file;  (2)  pre-indexed  so  that  criteria  of  retrieval  success 
could  be  simply  developed;  (3)  relatively  recent;  and  (4)  in  a  form  con¬ 
venient  for  input. 

^The  reader  is  referred  to  Stevens  (1961)  for  an  excellent  discussion 
of  the  types  of  texts  available  for  use  in  experimental  efforts.  Cornelius 
(1961}  discusses  input  problems  in  general  and  appears  rather  reluctant 
to  place  any  hope  on  an  ii^ut  device  short  of  an  optical  reading  device. 
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We  found  that  the  Armed  Services  Technical  Information  Agency  Tech¬ 
nical  Abstract  Bulletin  (A8T1A  TAB)  met  these  criteria.  In  addition,  the 
TABS  vere  already  being  printed  firom  Remington  Rand  punched  paper  tapes. 
Arrangements  vere  made  through  the  Chief  of  the  ASTIA  Data  Processing 
Branch  and  the  Director  of  the  Office  of  Technical  Services,  U.  S.  Depart¬ 
ment  of  Commerce  to  borrow  the  punched  paper  tapes  for  two  TAB  Issues, 

1^  March  and  1  April  1962.  With  the  use  of  an  IBM  Paper  tape  reader, 
the  TABS  vere  transferred  directly  onto  magnetic  tape  In  a  form  com¬ 
patible  with  the  lUlO  conputer.  Due  to  errors  In  the  paper  tape  and 
certain  Incompatible  character  sets,  the  entire  corpus  had  to  be  both 
hand  and  machine  edited. 

For  those  unfamiliar  with  ASTIA  TABs,  a  typical  abstract  is  given 
in  Fig.  1.  It  should  be  noted  that  a  great  deal  of  information  is  pro¬ 
vided  for  the  reader  and  that  many  different  types  of  system  inputs 
therefore  are  available:  author  names,  titles,  descriptors,  as  well 
os  an  abstract. 

For  simplicity  of  preset  discussion,  in  the  following  material  we 
will  restrict  the  system  input  to  the  descriptor  list,  which  we  will  call 
the  descriptor  string.  All  of  the  descriptors  for  a  single  docianent  are 
treated  as  one  long  sentence  of  separate  words  In  sequence.  Ve  do  not 
maintain  the  actual  descriptors  separated  by  punctuation  but  use  all  of 
the  individual  words  in  the  entire  set  of  descriptor  words  as  Individual 
types  In  one  long  string.  All  punctuation  and  caplteCLlzatlon  are  Ignored. 
(See  Fig.  2.) 


A0>269  987  Dltr.  12 
(TtS»/SEB)  OTS  prle*  $4.00 

8p*««  aaA  lafaraatloa  Syitaai  Dlt.,  Nortk 
Aaarleaa  Aalatloa,  lae.,  Deaaaj,  Calif. 

SPACE  lAOIATOI  ANALYSIS  AND  DESIGN.  PAST  1, 
bf  0.  8.  Naekap  aad  C.  P.  Baeka.  Oct  61,  2B7p. 
lael.  illaa.  tablaa,  rafa.  (Rapt.  ao.  SID  61- 
66) 

(Caatraet  AF  33(616)7639,  ProJ .  6146) 

(ASD  TR  61-30,  pt.  1)  Uaelaaalflad  rapart 

DESCRIPTORS!  (Spaeaakipt,  Satalllta  vahlelaa, 
*Radlatara,  Radlaat  kaatlag  paaala.  Ratal 
plataa,  Rafrlgaraat  eeadaaaera,  Haat,  Taapara- 
taaa  eoatrol,  Haat  traatfar,  Haat  axekaagara, 
Cvaaaetlaa,  *Tkaraal  radlatlaa,  Daaiga, 

Caaf Igaratlaa,  Ef f aatl*aaaaa«  Natkaaatleal 
aaalraia,  Rllltarf  raqairaaaata. ) 

Tka  tkaraal  aaalyala  of  eoapoaaat  alaaaata  of 
apoeo  radlotora  la  daaerlbod.  Elaaaata  laelaBa 
rootaagalar  aad  elrealar  plataa  of  aaifora  tkUk- 
aoaa,  trtaagalar  aad  trapoaoldal  flat,  aad  eoa- 
ataat  taaparatara-gradlaat  fiaa,  A  eoaplata 
eoadoaaar  aad  a  radiator  aro  aaaljaad  aad  lllaa- 
tratlra  axaapl.aa  giroa.  Tka  tkaraal  aaolFtaa 
prodaead  ralatloatklpa  batwaoa  tka  pkxileal  prop- 
artloa  oad  dlaoaaloai,  oloaont  oad  oarlroaaaatal 
toaporataraa,  oad  ratoa  of  kaat  traaafar.  Tkaaa 
aro  akoaa  grapkleallf  for  all  tppoa  of  alaaaata, 
Tka  optiaaa  proportloaa  of  apaeo  radiator 
alaaaata  kaalag  tka  groatoat  ratio  of  koat 
radlatlaa  rata  par  poaad  of  walgkt  aro  alao 
ladleatad  grapkleallj,  aad  proeadaroa  for  tkolr 
calealatloa  aro  ako«a.  Tka  dlaeaaaloaa  oa  ooa- 
daaaora  aad  radlatora  Inelada  dlBoaaloaal-tkoraal 
ralatloatklpa  tad  walgkt-optlalxlag  proeadaroa 
for  eoaplata  aalta.  (Aatker) 


Taken  from  ASTIA  TAB,  15  March  1962. 


Fig.  1  Typical  ASTIA  Abstract 


269  SOT  C042  (•CARIlON  CIOXlDEt  •OECOMPOSI T lONt  •REDUCTION.  HIGH  TEMP 
ERATURE  RESEARCH.  RAOIA-TICN  EFFECTS.  PHPTOCHEfllSTRY.  ALKALI  METALS.  ALK 
ALI  METAL  CQMPCUNCS.  HVORICES.  HYDROGEN.  CATALYSIS.  CATALYSTS.  IRON.  HAT 
ER.  SEPARATION.  CARBON  DEPOSITS.)  (HATER.  ELECTROLYSIS. I  (SPACESHIPS.  S 
ATELLITE  VEHICLES.  •AIK  CCN-DIT ION  INC  EQUIPMENT.  PRODUCTION.  OXYGEN.) 

269  S9T  0043  (•HIGH  PASS  FILTERS.  •TELEPHONE  COMMUNICATION  SYSTEMS. 
MULTICHANNEL  TELEPHCNE  SYSTEMS.  CIRCUITS.)  (PULSE  TRANSMITTERS.  PHASE  M 
OOULATION.  •SIGNAL-TO-NOISE  RATIO.)  (DATA  TRANSMISSION  SYSTEMS.  TELEPHON 
E  LINES.  TELEPHCNE  SIGNALS.  ATTENUATION.) 

269  961  C044  (•TELEPHCNE  COMMUNICATION  SYS-TEMS.  DIGITAL  SYSTEMS.  SH 

ITCHING  CIRCUITS.  PANEL  8CAKCS  (ELECTRICITY),  MULTIPLEX  TRANS-MISSION,  S 
TORAGE.  CONTRCL*  CESIGN.)  (•MULTI-CHANNEL  TELEPHONE  SYSTEMS.  DATA  TRANS 
MISSION  SYSTEMS.  ELECTRONIC  SNITCHES.  TIME  INTERVAL  COUNTERS,  •MAGNETIC 
CORE  SNITCHES.) 

269  962  0049  (ENERGY.  •TRANSFORMERS.  TRANS-DUCERS.  •ELECTROMECHANICA 

L  CONVERTERS,  CIR-CUITS,  ELECTRICAL  NETWORKS.)  (N  ON-LINEAR  DIFFERENTI 
AL  EOUATICNS,  LINEAR  SYSTEMS.) 

269  968  0046  (•INTEGRAL  TRANSFORMS,  INTEGRAL  EQUATIONS,  MATRIX  AL6EB 

RA,  SPECTRCGRAPHIC  ANALYSIS.)  (RACIO  SIGNALS,  NOISE  (RADIO).  INFORMATIO 
N  THECRY.)  THESES. 

269  9T0  0047  (•LATTICES,  THEORY,  •LIQUIDS.  •GASES.  •SOLIDS.  ABSORPTl 

ON.  PHYSICAL  PRCP-EKTIES.)  (MOLECULES.  PARTICLES.  VELOCITY.  DENSITY.  EN 
TROPY.)  (•QUANTUM  STATISTICS,  PROBARILITY,  INTEGRATION,  STATISTICAL  Dl. 
STRIBUTION.) 

269  974  0048  (•ELECTRIC  DETONATORS.  •ELECTRIC  IGNITERS.  ELECTRIC  BRI 

OGES,  TEMPERATURE.  ELECTRCMACNET IC  EFFECTS,  ELECTRIC  WIRE,  HAZARDS,  OETE 
CrORS,  OPTICAL  EQUIPMENT.  •TEMPER-ATURE  MAHNING  SYSTEMS.  DESIGN,  SENSITl 
’VITY,  TESTS.) 

269  977  0049  (tRUCYANT  MATEHIALS.  •PROTECTIVE  CLOTHING.  TERMINAL  BAL 

LISTICS.)  (FIBERS,  SYNTHETIC  FIBERS,  TEXTILES.  •DACRON.  •ORLON.  •NYLON, 
RESINS.  ACRYLIC  RESINS,  FLCTATICN.  CLEANING.)  (FRAGMENTATION,  PENETRAT 
ION,  TESTS.)  (•BCCY  ARMOR,  MATERIALS.) 

269  983  COSO  ((ATCMIC  SPECTRUM,  •ELECTRIC  FIELDS,  •INFRARED  SPECTROS 
COPY,  •MOLECULES.)  (DIPOLE  MOMENTS,  POLARIZATION,  QUANTUM  MECHANICS.  ENE 
RGY.)  (OPTICS,  LIGHT  TRANSMIS-S ION,  OPTICAL  EQUIPMENT,  MOLECULAR  BEAMS. 

)  (COATINGS  OF  ALUMINUM.  CHRCMIUM,  GOLD.)  (REFLECTION,  DIFFRACTION.  GRATI 
NGS,  CCLLIMATCKS.). 

269  984  0091  (LIQUID  RCCKET  PROPELLANTS,  •PROPELLANT  TANKS,  PRESSUR 

E.  CCNFIGURATICN,  GECMETRY,  VOLUME,  DESIGN,  MILITARY  REQUIRE-MENTS,  MATH 
EMATICAL  ANALYSIS,  HANCBGCKS.)  (GAS  GENERATING  SYSTEMS,  ROCKET  FUELS.  RO 
CKET  CXIOIZERS,  VAPOR  I ZAT ICN,  COMRUSTION.)  (CASES,  LIQUEFIED  CASES,  OXYG 
EN.  HYDROGEN,  HYCRAZINES,  METHYL  HYDRAZINES,  NITROGEN  COM-POUNDS,  TETROX 
IDES.  STORAGE.)  (PROPELLANT  TANK  LINERS.  MATERIALS,  METALS.  PHYSICAL  P 
ROPERTIES.)  HEAT  EXCHANGERS. 

269  987  0092  (SPACESHIPS,  SATELLITE  VEHICLES,  •RADIATORS.  RADIANT  HE 

ATING  PANELS,  METAL  PLATES.  REFRIGERANT  CONDENSERS.  HEAT,  TEMPERA-TURE  C 
CNTRCL,  HEAT  TRANSFER.  HEAT  EXCHANGERS,  CONVECTION.  •THERMAL  RADIATION. 
DESIGN.  CONFIGURATION,  EFFECTIVENESS,  MATHEMATICAL  ANALYSIS,  MILITA'’V  RE 
OUIREMENTS.) 

269  989  0093  (•GROUP  liYNAMICS,  •JOB  ANALYSIS,  EFFECTIVENESS,  FEEDBAC 

K.  LABOR.)  SOCICMETRICS.  MATHEMATICAL  ANALYSIS. 


Fig.  2  A  Sample  of  the  Descriptor  Strings.  (The  First  Two 
Groups  of  Numbers  Are  the  AD  Number) 
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Fregaency  Matrix  Formulation  Prograa 

The  frequency  matrix  fomulatlon  program  converts  the  Isqput 
described  eibove  Into  a  matrix  of  word  padr  co-occ\irrences  suitable  for 
use  In  the  association  matrix  program.  The  program^  actually  Is  made 
up  of  several  distinct  subroiatlnes.  The  subroutines  and  the  machines 
for  which  they  are  written  are  listed: 

(1)  Packing  subroutine  -  IBM  l4l0  computer 

(2)  Concordance  subroutine  -  IBM  709O  computer 

(3)  Pairing  subroutine  -  IBM  709O  conputer 

(4)  Sorting  stibroutlne  -  IBM  7090  conputer 

(^)  Counting  subroutine  -  IBM  709O  conputer 

(6)  Printing  subroutine  (optional)  -  IBM  l4l0  conputer. 


Although  the  specific  functions  of  these  subroutines  are  suggested 
by  their  names^  a  quick  summary  of  what  they  do  may  be  Informative. 

(a)  Packing.  To  edit  Input  material  expeditiously,  an  editing 
program  was  used.  However,  the  edited  outp\xt  to  the  concordance  sub¬ 
routine  was  not  adequate.  That  Is,  the  tepe  record  lengths  are  small 
(72  characters)  while  the  concordance  can  handle  up  to  1000-cbaracter 
record-lengths.  Thus,  to  provide  the  input  in  a  more  efficient  format, 
a  packing  subroutine  was  written  whose  output  results  In  1000-character 
record-lengths . 

(b)  Concordance .  This  subroutine  accepts  the  output  of  the  pack¬ 
ing  subroutine  and  writes  a  tape  which  adds  for  each  word  a  series  of 
Identifying  numbers.  Each  word  Is  thus  Identified  as  havlz^g  come  from 
a  particular  message,  a  particular  sentence,  and  a  particular  position 
in  that  sentence.  The  concordance  tape  is  never  erased  since  It  contedns 
the  entire  corpus.  The  tape  is  used  for  several  pvuposes.  It  is  used 


^AU  of  the  subroutines  In  this  program  were  written  by  members  of 
the  Programming  Research  Subdepartment  of  the  Conputer  Applications  De¬ 
partment  at  MITRE.  In  addition,  members  of  this  group  aided  In  the  con¬ 
ceptualization  of  much  of  this  work. 
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during  the  retrieved,  progrem  in.  order  to  assign  docuaient  relevancy  nuiD> 
bers  to  eeu:h  document  sentence,  and  it  can  also  be  used  at  a  later  time 
vlth  different  programs  to  generate  statlstlcedL  Information  about  vari¬ 
ous  linguistic  parameters  such  as  word  length,  sentence  length,  word 
distances,  and  the  like,  as  desired. 

(c)  Pairing.  This  subroutine  works  Interwoven  with  the  concordance 
subroutine  although  they  are  independent  of  each  other.  It  Is  initiated 
by  the  discovery  of  an  end-of -sentence  mark.  13ie  function  of  this  rou¬ 
tine  Is  to  padr  words  and  prepare  an  output  in  the  form:  "Word  -  Word" 
for  every  word  in  the  string.  For  exao^le,  if  the  Input  sentence  were 
"270  563  Algebraic  topology  grovqps  matheniiatlcs . "°  -  the  svibroutlne  would 
write: 


algebrsdc  -  topology 
topology  -  eOgebraic 
algebraic  -  groups 
groups  -  algebraic 
algebradc  -  mathematics 
mathematics  -  algebraic 
topology  -  groups 
groups  -  topology 
topology  -  mathematics 
mathematics  -  topology 
groups  -  mathematics 
mathematics  -  groins 

(d)  Sorting.  In  order  to  count  the  number  of  common  word  psdrs, 

8lL1  the  word-pairs  must  be  put  into  some  cogent  order.  This  is  the  most 
time-consuming  portion  of  the  entire  program  and  perheqps  most  basic  to 
it.  The  alphabetizing  of  the  word  pairs  is  done  by  the  IBM  -  9  SORT 
program. 

(e)  Counting.  The  list  of  alphabetized  word  pairs  is  then  reviewed 
and  identical  word  pairs  co\inted  aiui  combined. 


^ASTIA  AD  270  563,  1  April  I962 
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(f)  Printing.  The  printing  subroutine  Is  optional  and  vhen  the 
system  Is  checked  out  and  operable  It  vlU  rarely  be  used.  At  present^ 
however;  for  checkout  purposes,  printouts  of  the  frequency  matrix  formu¬ 
lation  program  are  being  made  (see  Fig.  3)« 

Statistical  Language  Information 

At  present;  ve  have  not  prepared  a  detailed  program  to  provide 
statistical  language  Information.  However,  certain  parameters  essential 
to  the  operation  of  the  present  program  are  computed  and  can  be  printed 
out  at  relatively  smed.1  time  and  computer  cost.  These  are: 

(a)  Number  of  Tokens 

(b)  Ntimber  of  Types 

(c)  Number  of  Strings 

(d)  Frequency  Distribution  of  string  lengths  in 
steps  of  1  from  1  to  50. 

Other  linguistic  information  can,  of  cowcBe,  be  obtained  from  the 
concordance  tape. 

Association  Matrix  Program 

The  word-word  association  matrix  uses  the  output  of  the  frequency 
matrix  generation  program.  The  cell  veG.ueB  resulting  from  the  normali¬ 
zation  subroutines  of  the  association  matrix  represent  the  degree  of  as¬ 
sociation  between  two  words  after  certain  corpus  artifacts  are  removed. 
As  ve  noted  In  our  prevlotis  discussion,  a  cell  value  In  the  original 
frequency  matrix  is  euffected  by  three  artifacts;  the  number  of  times  a 
word  appears  in  the  corpxis,  the  len^h  of  the  corpus;  and,  the  average 
string  lengths .  Other  variables  probably  tend  to  affect  a  frequency 
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matrix  cell  value  tut  these  cannot,  at  this  time,  be  fully  accounted  for 
and  thus  subtracted  from  the  cell  value. 

The  noriMLLization  program  includes  an  optioned  printout  routine  for 
the  l^ilO  computer  (see  Fig.  4).  As  with  other  optional  printout  routines, 
we  do  not  expect  it  to  be  used  after  checkout  is  completed.  However, 
this  routine  is  useful  when  we  deliberately  alter  cell  values  by  adding 
specied  word  strings  to  strengthen  specific  word  eussociations. 

An  Algorithm  for  Routing  or  Retrieval 

We  start  with  any  set  of  query  or  routing  types,  all  of  which  must 
appear  at  least  once  in  the  corpus.  These  types  serve  as  the  means  by 
which  we  expand  to  another  set  of  types,  all  of  which  are  highly  asso¬ 
ciated  through  the  normalized  matrix  to  the  original  query  types  taken 
as  a  whole.  This  set  of  associated  types,  combined  with  the  original 
set  of  query  types,  then  serves  as  the  basis  for  deriving  another  set 
of  types.  The  procedure  can,  of  course,  be  repeated  any  number  of  times. 

This  informal  characterization  of  the  edgorithm  can  be  stated  more 
precisely:  Given  a  set  of  query  types,  the  matrix  is  searched  to  locate 
all  types  which  have  been  associated  with  each  and  every  one  of  the  query 
types  in  the  set.  From  this  grotq?  of  words,  those  (equal  in  number  to 
the  nimiber  of  query  types)  that  have  the  highest  sum  of  normalized  matrix 
weights  (when  summed  over  sdl  of  the  query  types)  are  selected  to  form  a 
set  of  first  order  types. 
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Having  obtained  this  set  of  first  order  associates,  ve  form  a  new 
set  conib Iqlng  these  first  order  type^  with. the  original  q^ery  types. 
With  this  larger  set  of  joint  first  order  and  query  types,  the  matrix 
again  is  searched  to  locate  all  types  that  have  been  associated  with 
eeu±  and  every  one  of  the  types  in  this  e^anded  set  .  From  this  newly 

,  I 

located  groiq)  of  types,  those  (equal  in  number  to  the  number  of  Joint 
first  order  and  query  types)  that  have  the  highest  sum  of  normalized 
matrix  weights  (when  summed  over  all  of  the  first  order  plus  query 
types)  now  are  selected  to  form  a  set  of  second  order  types. 

The  procedure  for  determining  first  order  associates  can  be  pre¬ 
sented  in  a  symbolic  form  as  follows: 


Let  Of..  »  the  Z', .  for  T,  with  respect  to  q. 

jX  JX  J  TC 

where,  q  «  Q 

Q  =  (qpiery  terms} 

T  is  any  term  in  the  normalized  matrix  but  ^  Q 
J 

J  =  any  row  of  the  normalized  matrix 

k  =  any  column  of  the  normalized  matrix 

then  T.eA  s  (k)  or.,  &  s.  is  among  the  n  hipest  sum 
J  0*  J  ^ 

where,  A  =  (first  order  associates} 


n  «  the  number  of  terms  in  the  class  Q 
<1 


The  second  order  associates  are  derived  In  a  similar  fashion  as 


foUcrvs: 


Let  =  the  Tj  with  respect  to 

where,  a  c  A 

Tj  =  any  term  in  the  normalized  matrix  but 
then  t.«B  s  (k)  «  .  P  &  s'  is  among  the  2n  highest  sums 

J  jX  jK  J  <1 

where,  B  =  {second  order  associates} 

q  a 

^  kal-^*^  k  =  1 

n  s  the  number  of  terms  in  the  class  A. 


From  the  above  it  follows  that  Q,  Z,  B  are  mutually  exclusive. 


Having  derived  the  first  and  second  order  association  terms  we 
can  then  note  for  each  document  the  occurrence  of  each  query  term,  eeuih 
first  order  term,  and  each  second  order  term.  The  documents  then  are 
ordered  according  to  the  following  rules  and  definitions: 

Let  n^  s  the  number  of  terms  in  the  cletss  B  (2nd  order  wsoclates) 
'"q  “  “a  “  “b/2 

•5  “  "q  +  “a  ^ 

k  ■  lOOn  +  lOn  +  n. 

q  a  D 

Dj  ^  -  a  message  or  document  with  J  and  k  indices  as  defined 
above. 

D^r>D2  means  that  is  more  relevant  than  Dg. 
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The  ordering  of  messages  or  documents  on  the  hasls  of  relevance  Is 

then: 


Djr>D 


J-1 


and  within  the  J  set  of  messages 


,  r>D,  ,  , 
J,k  J^k-1 


In  such  an  ordering  each  c\rt  "  J"  is  further  subdivided  by  "k  . " 

This  procedure,  of  coiarse,  presumes  that  messages  containing  the  query 
types  are  more  relevant  than  those  that  do  not,  those  that  contedn  first 
order  associates  are  more  relevant  than  those  that  do  not,  and  so  forth. 


Let  us  now  examine  a  specific  example.  We  derive  the  association 
matrix  in  the  manner  described  above  for  500  dociaaentt  se  represented 
by  their  ASTIA  descriptors,  and  a  printout  is  obtained. 

The  query  types  chosen  (Q)  are  thermal,  radiation,  convection.  We 
then  search  for  those  other  types  that  are  associated,  either  negatively 
or  positively,  with  all  three  of  them.  Fig.  5  gives  the  more  highly  as¬ 
sociated  types  and  their  values  eis  determined  from  the  association  ma¬ 
trix,  as  well  as  their  algebraic  sum.  Based  iqpon  the  rules  listed  above, 
we  select  the  three  first-order  associate  terms  (Class  A)  that  have  the 
highest  algebraic  sum  but  that  eilso  satisfy  the  requirement  of  mutual  exclu¬ 
sion.  Radiation  and  thermal  are  highest  with  valvies  of  3^5  and  131, 
respectively.  However,  they  already  have  been  chosen  as  query  terms  and 
therefore  are  rejected.  The  next  three  hipest  are  heat  with  133, 
temperature  with  115,  and  transfer  with  107. 
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^lery  Terms 

Associated 

Algebred-c 

Terms 

Radiation 

Thermal 

Convection 

Sum 

radiation 

245 

116 

4 

365 

thermal 

116 

36 

5 

157 

heat 

8 

100 

25 

133 

ten^rature 

87 

25 

3 

115 

transfer 

28 

66 

13 

107 

combustion 

39 

20 

6 

65 

spaceships 

39 

7 

6 

52 

mathematical 

15 

Ik 

4 

33 

panels 

16 

3 

7 

26 

control 

17 

2 

5 

24 

heating 

5 

11 

6 

22 

radiant 

6 

6 

7 

19 

radiators 

6 

6 

7 

19 

refrigerant 

6 

6 

7 

19 

(Summed  over  the  three  query  terms;  the  cell  weight  is  Z'  as 


previously  defined  In  the  paper;  each  Z'  has  been  multiplied  by 
1  X  108.) 

Fig.  5  High  First-Order  Associations  Ordered  by  Algebraic  Sum 


Nov  having  six  terms,  ve  then  search  for  all  of  the  words  that  are 
associates  of  edl  the  six  taken  as  a  group,  and  obtain  their  algebraic 
svuDS.  Fig.  6  gives  the  types  most  highly  associated  with  all  six  terms. 
The  six  second-order  associates  with  the  highest  sum  are  chosen  by  a 
process  similar  to  the  one  for  the  first  order  associates,  terms  pre¬ 
viously  chosen  being  eliminated.  In  the  order  of  their  algebrsdc  sum, 
these  are  heating  (l95)>  gas  (1^*8),  boundary  (ito),  layer  (ik))  ex¬ 
changers  ($9),  and  in  this  case  because  of  the  tie  in  value,  hydrogen 
and  spaceships  both  with  (67) . 

Having  obtcdned  the  first  and  second  order  association  types,  ve 
then  determine  the  number  of  Q,  A,  and  B  terms  each  document  contains. 

In  other  words,  we  develop  the  J  Index  value  for  each  document.  If  any 
term  is  repeated  within  the  document,  it  is  recorded  only  once.  Those 
documents  that  have  a  higher  J  should  be  more  relevant  than  those  having 
a  lower  J.  However,  for  some  Js  the  number  of  documents  Is  quite  large, 
and  It  is  necessary  to  use  the  k  index  within  each  J.  Pig.  7  shows  in 
rank  order  the  documents  retrieved  by  this  procedure  for  the  query: 
thermal,  radiation,  convection  in  terms  of  J,  and  k  within  J,  with  a 
cut-off  point  at  J=3..  ■ 

The  selection  and  ordering  of  the  dociunents  shown  In  Fig.  7  have 
a  high  degree  of  f8u:e  validity;  however  there  Is  another  side  to  this 
coin:  the  number  of  relevant  docxmients  that  were  not  retrieved  by  the 
algorithm.  The  authors  and  their  staff  rated  all  ^00  documents  on  the 
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Query  Terms 

First  Order 

Terms 

word 

radia¬ 

tion 

ther¬ 

mal 

heat 

tempera¬ 

ture 

transfer 

Algebraic 

Sum 

heat 

8 

100 

25 

110 

131 

214 

588 

radiation 

245 

ll6 

4 

8 

87 

28 

488 

transfer 

28 

66 

13 

214 

12 

20 

353 

thermeil 

116 

36 

5 

100 

25 

66 

348 

temperature 

87 

25 

3 

131 

-4l 

12 

217 

heating 

5 

11 

6 

78 

44 

51 

195 

gas 

-27 

22 

13 

103 

-0 

37 

148 

boundary 

■1 

5 

13 

73 

-3 

59 

l4o 

layer 

5 

13 

73 

-3 

59 

140 

exchangers 

10 

6 

62 

2 

19 

99 

hydrogen 

6 

32 

13 

15 

67 

spaceships 

39 

6 

4 

9 

2 

67 

panels 

l6 

B 

21 

5 

5 

57 

radiant 

6 

mm 

20 

5 

6 

50 

radiators 

6 

20 

5 

6 

50 

refrigerant 

6 

■ 

20 

5 

6 

50 

(Summed  over  all  query  and  first  order  terms j  the  cell  weight  is  Z' 
as  previously  defined;  each  Z'  has  been  multiplied  by  1  x  lO^.) 


Fig.  6  High  Second-Order  Associations  Ordered  by  Algebraic  Sum 


bfluslB  of  their  relevance  to  the  query  thermal,  radiation,  convection. 

The  Judgment  of  relevance  was  made  on  the  basis  of  the  more  cooqplete 
document  abstract  rather  than  on  the  descriptor  string.  Seven  addi¬ 
tional  relevant  docmnents  were  located.  Of  these,  two  vere  selected 
by  the  algorithm  vlth  a  cut-off  point  set  at  J>2  and  one  vas  picked 
up  vlth  JbI.  The  remaining  four  vere  poorly  indexed  and  vould  have 
been  Judged  not  relevant  by  a  human  vho  depended  upon  the  descriptor 
string  only,  as  the  matrix  did,  rather  than  iq>on  review  of  the  abstracts. 

Conclusion 

The  vork  done  to  date,  and  reported  at  this  time  Is  Introductory. 
Continuing  analysis  of  statlsticsil  association  procedures  Is  nov  in 
progress,  and  additional  results  vill  be  presented  in  subsequent  re¬ 
ports. 
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AD-269  5B7  Dtf.  12 
(T1STA/$EB)  OTS  prU«  |4.00 

fpast  aiA  Informtlen  Syitam  UIt.,  North 
Aaorleon  Aflottoi,  Inc.,  Oowno;.  Collf. 

SPACE  RAOIATOR  ANALYSIS  AND  DESIGN.  PART  1, 
hj  D.  B.  Micktp  and  C.  P.  Baeht.  Oet  6l,  287p. 
Inel.  tllai.  tabtai,  rafi.  (Rapt*  an*  RID  61- 
66) 

Contract  AP  33(616)76^3,  ProJ.  6U6) 

ASD  TR  61-30,  pt.  l)  Unelaatlftad  report 

OESCNIPTORSt  (Spoeaihlpc,  Sitotllto  rohteloa, 
*Radlatori,  Radiant  haatlnp  panoti,  Notal 
platoi,  Refrlgarant  eandonaart.  Hoot,  Tamporo- 
tara  control,  Hoat  tranafar.  Hoat  axchanpora, 
Conroetlon,  "Theriaal  radiation,  Ooaign, 
Conflgaratlon,  Effoetlfaoa»t«  Nath coat  leal 
anal^tli,  Nllltarp  raqalrenienta.  ) 

ha  thoroal  analfsla  of  eonponent  olaoonta  of 
paea  radlatora  la  daaerlbad.  Claoanta  Inclido 
aetangatar  and  elrcatar  plataa  of  ■nlforta  thlek- 
aii,  trlangalar  and  trapaioldal  fini,  and  con¬ 
tent  tanparatara-gradlant  flni,  A  caaplatt 
aadanaar  and  a  radiator  ara  analfaad  and  lllna- 
ratlra  aiaaplat  glran.  Tha  tharaal  analjata 
radicad  ralatlomhlpi  batwaan  the  phTalcal  prop- 
rtlai  and  dlnaniloni,  alaaant  and  ant tranaantal 
aaparatarat,  and  rataa  of  halt  tranafar.  Thaaa 
ra  ebann  graphleallf  far  all  tfpao  af  ataNanta# 
ha  aptlna*  proportlonc  of  apoca  radiator 
lONonta  haring  tha  graataat  ratio  af  hoot 
adlatlaa  rata  par  poind  of  valght  ara  alaa 
ndicatad  graphlcallj,  and  proeadiraa  for  thalr 
alcnlatlon  ara  ahovn.  Tha  dlacnaatona  on  con- 
lansora  and  radlatora  Inclida  dlaanalonal-thariaal 
alatlonahipa  and  «oliht-opt lol ilng  proeadiraa 
or  caoplata  inlta.  vAithor) 


AD-269  741  Dir.  9.  25,  12 
(TISTA/VCN)  OTS  prlea  $3.60 

Spaea  Tarhnologjr  Lnba.,  Inc.,  Loa  Angolaa,  Calif. 
RADIATION  PROM  SHOCK-HEATED  AIR.  PART  1. 
EQUILIBRIUM  RADIATION, 

bjr  Kana  G.  Myar.  Oet  61,  33p.  Inel.  Illua. 

8  rafa.  (Rapt.  no.  6130-0001-NU-P01) 

(Contract  AP  04(694)1) 

(BSD  TN  61-21)  Unelaaalflod  report 

DESCRIPTORS!  (Ra-antry  rehleloa,  Shock  tiboa, 
•Shock  waraa,  Boundary  layer,  Ra-antry  aaro- 
dynamlea.  Aarodynaale  heating,  aTharaai 
radiation,  aHeat  tranafar.  Numerical  analyila. 
Temperature.  Denalty,  Mathematical  prediction.) 

A  computational  procedure  giving  equilibrium 
radiative  heat  tranafar  rataa  to  the  aurface  of 
a  shock  engulfed  vehicle  la  presented.  The  local 
transfer  rates  are  obtained  In  terms  of  the  local 
temperature  and  denalty  at  the  outer  edge  of  the 
boundary  layer  and  an  effective  thermal  layer. 

The  computed  radiative  transfer  rates  around  a 
typical  entry  vehicle  are  presented.  A  computa¬ 
tional  procedure  for  the  non-equl 1 1 brlum  ra¬ 
diation  la  presented  In  Part  II.  (Author) 
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Fig.  7  Rank  Order  of  Documents  Retrieved 


36 


*0-269  (16  oi«.  a;,  9,  * 

(TISTF/ir*)  OTI  ptlai  110.10 

AartCkta  Rtitirck  Libi.,  !«<.,  Frlaeataa,  N.  $, 
CONVCCTlVt  HC*T  TRANSFIR  KITH  CNEHiai  IRACTION, 
I.  THEORETICAL  DEVELOrHEHT  OF  CORREUTIOH  FOR- 
HUUE  FOR  THE  FREDICTION  OF  HEAT  FLUXES  IN  HIGH 
FERFORHANCE  ROCKET  ROTORS  AND  RELATED  STSTKRS. 
Iittrla  taekRletl  ttpt.  oa  Raiaarak  a*  Caiakaa- 
tiaa  Klaallaa. 

kf  Dailal  E.  Raaaar.  Air  61,  12]p.  laal,  lllaa. 
taklaa,  129  rafa, 

(Caatraat  AF  33(616)6216,  FraJ.  aa.  7013) 

(ARL  97,  Ft.  1) 

UaalaiilfiaA  rapaat 

OESCRIFTORSi  ('Haal  traaitar,  «Caataatlaa, 
SaaaRarp  lapar,  Gat  flaa,  Cktalatl  raaatlaat, 
TkaraaakaalattF,  TkaraadFataItt,  Ratkat 
Bttara.)  (Traaipart  prapartlat,  Raaaablaatlaa 
raattlaai,  Saaadarp  ItFar,  Cat  flaa,  Rppar- 
laait  (laa,  Hppartaalt  aaaalat.)  (Olatttla- 
tlta,  Caabattlaa,  Hydrapat,  Oxypaa,  OlFFatlaa.) 
(Exparlaaatal  data,  Tablat.) 

Eaarpy  traatfar  la  akaalaally  raaatiap  boaadary 
layar  flaai  It  dltaattad  (raa  tka  patat  at  ala* 
at  tka  laaaitlpatar,  aka  It  itaklap  ta  axtaad 
aalitlap  tarralatlaa  faraalta  ta  aaiat  la  aklak 
tkaraatkaaletl  affaata  laflaaaea  kaat  traaifar 
ratal.  Eapktilt  la  pittad  aa  tka  paadlatlaa  at 
taaaaatlaa  kaat  tlaxai  ta  kipk  parttamaaa 
rackat  aataril  kaatrar,  axaaplai  art  alia  takaa 
tiaa  tka  tiald  at  kypariaalt  pat  dyaaalea,  aa 
taltaaii  tka  tppraprlata  drialap  taraa  tar  kaat 
taaaitar  «ltk  akaalatl  raaatlaa,  attaati  at  tka 
atktaaad  attlalaaay  at  aaarpy  traaipart  by  dltta- 
ilaa  aa  aaaparad  ta  trdlaary  laadattlaa,  aalaalt- 
tlaa  at  tka  tarbalaat  til*  aaadiattaaa  la  aalaya- 
■atrla  aaialai,  tkar*adyaa*la  aalaalttloa  at 
aatkalpy/alxtara-ratla  akarti  tar  atabaatlaa  pal 
■Ixtaraa,  attaata  at  akaaltal  laa-apalllbrlt* 
la  tka  pai  pkaia,  attaata  at  larfaaa  aatalyxad 
axatkarala  raaaablaatlaa  raaatlaaa,  axtiaatlaa 
at  traaipart  prapartlai  la  partially  diaaaalatad 
pai  ■Ixtaraa  altb  aapkaila  aa  tka  blaary  dltta- 
ilaa  aaattlelaati  partalalap  la  aalaealar  trap- 
■aati,  (Aatkar) 


ad-269  797  DIa.  23 
(TISTF/TL)  OTP  priaa  (2.60 

AVCO  Raiaarak  Lab.,  Eaaratt,  Rail. 

MIIC  STUDIES  IN  HAONETOHTDRODTNAHICS. 

Flaal  rapt.,  1  Nay  57-31  Oat  61, 

by  NIekard  N.  Fatrleb.  31  Oat  61,  2Rp.  Inal. 

Illai.  17  rata, 

(Caatraat  AF  *9(6311)61,  FraJ.  9751) 

(AFOSR-17R2)  Unclaailtlad  rapart 

uKSCRIFTORSi  (■Rapaatakydradyaaalai,  Oaa  tia* 
•Rapaatia  tldlda,  *Caatlparallaa,  Drap,  LItt, 
Slaatraa  kaa*a,  (laatraa  paaa,  Nydrapaa, 
Arpaa.)  (*Flaaaa  pkyalai,  Frapalalaa,  Oaa 
lealaatlaa,  Exkaait  paaai,  Talaalty,  Raakati, 
Haatlap,  Spaaltla  lapalaa.)  (*Rlpk  taapara- 
tara  raiaarak,  Skaak  tabai,  Tkar*aiaalair  raaa 
tlaaa,  Elaatrla  pa*ar  pradaatlaa,  Naat  ax- 
akaapara,  latrarad  dataatari,  Raaaaraaaat, 

Halt  traaatar,  Skaak  *1x11.) 

Raiaarak  «aA  diraatad  taaard  abtalalap  a  kaili 
aadaritaadlap  at  ■apaatakydradyaialaa,  Tka 
laltlal  itadlai  lad  ta  tkraa  paaalbla  appllaa- 
tlaai  tar  Mpaatakydradyaialai  «klak  la  tara  lad 
ta  tkraa  aataparlai  at  raiaarak.  Tka  tint 
ippllaatlaa  ippairad  la  aaaaaatlaa  vltk  tka  prab 
laa  at  kipk-altitada,  aary  kIpk  aalaalty  tltpkt 
aklak  aa  aall  tipkt  ■apaatakydredyia*lai.  Tka 
laaaad  appllaatlaa  aai  plaiaa  prapalalaa,  Tka 
Ikird  aatapary  aaa  tka  pradaatlaa  at  a  aary  kipk 
taaparatara  aaltlalaa-traa  plaiaa,  (Aatkar) 
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Fig.  7  (Conti nuecJ) 


37 


i"5  ni».  ir 

(TtST.\  'SKH'  OTS  prtrr  I’  ,  l’.:' 

Rf^rli  AIrfraft  Tarp.,  Aniililrr  I'olo. 

ESTAIII.ISlIfNt;  PMOVEN  DtSICN  CRtTEmA  lO#  rHYIICEMr 

■OnST  TANKS. 

OatrttrlT  pra«rtii  rapt.  aa.  »  far  parlaA  aaAlap 
31  JalT  61, 

bp  1,  G.  Caaaallf  aad  I,  R.  ttbarIRga,  Dae  61, 
39p.  tael,  lllaa.  2  raft. 

(Ceatraet  AT  33(616)3134,  RteJ .  30R4) 

(DGRf  TR-61-2)  UaelatlKlaA  rapart 

DtSCRIPTORSi  (LlgaH  reebat  prepatlaata, 
Crpetaalci,  'Rrapallaat  taaki.  Feat  taaha, 
frapallaat  taak  llaara,  laialatiag  aialarialt, 
Daalga,  Praeaiilai,  Haat  Araaifat,  AaraRTaaale 
kaatlPR,  Tail  aiatkaPt,  Tait  agalpiaaat.)  (Llg- 
aaflaA  gaiai,  HjAragaa,)  Tkaraal  iaaalatlaa, 

Tha  Railga  aaR  fabrieatlaa  af  t«a  7000  gal 
IlgaIR  kpdregaa  feat  taaki  af  Tl  lad  itilalaii 
itaa!  era  daierlkad.  laialatlag  aatarlali  aad 
•athedi  af  laialatlaa  ara  ilia  daierlkad.  Taiti 
aara  laeaaiifallp  eaadaetad  to  ehaek  eat  tka 
tiah  drata  aiiaablp.  Fartkar  taiti  •til  ba  caa- 
daelad  ta  dataralaa  tka  haat  triaifar  af  tka 
taaki  darlag  ll■alatad  reekat  fllgkt  eaadltlaai. 
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AD-26a  .’47  nl*.  9,  2  5 
(TISTP/JN)  OTS  prtca  »3.6n 

laitruaaatat lea  l.ab..  Nan.  lait.  ef  Taek., 

Canbr Idga . 

GTRO  TEMPERATURE  CONTROL  NITII  A  I.IOIUII  SOURCE, 
bp  R.  E.  Marikall  and  R.  N.  Jaaiiaa.  Mar  ho, 

34p.  lael,  lllui.  tiblai,  Ci  rafi,  (Rapt.  aa. 

E-90h) 

(Ceatraet  Af  04(647)303) 

llncliiilflad  rapart 

DESCRIPTORS!  (I.lguldi,  Halt  traaifer,  *Glm- 
bali,  Tanparatiira  cantrel,  aopraicapai . ) 
(haundarp  lipar,  fluid  flaw.  Meat,  Heat  traai- 
far.  Tail  aathedi.) 

Tha  tkarMl  aad  fluid  eaadltlaai  that  aalit  la 
tha  tait  glabll  lad  fluid  Jiehat  ira  daicr-lbad. 
Fluid  flea  ratal  la  tha  fluid  Jaekat  elaialp 
garara  tha  gpre  halt  traaifar  pdrfaraiaaei  lad 
l■prara■aatl  ta  thli  fla»  rata  •111  lukitaat  111  Ip 
rilia  thli  parfaraiaea.  Cauplad  ta  thli  ti  tha 
elaia  ittaatlaa  that  auit  ba  paid  ta  ill  halt 
traaifar  paraaatari  abeat  tha  Tait  Ctabal, 
arldaaead  bp  tka  ekaagai  la  tka  larrauadtag 
laialitlaa.  Sauaral  l■prara■aatl  ara  aaadad  ta 
plaid  tait  eaadltlaai  that  tulip  ll■ullta  ipi- 
ta«  eaadltlaai.  Natabla  aablaat  laailtlultlai 
ara  itlll  praiaat  la  tha  tait  aalt.  Fluid  taa- 
paratara  laii-gala  prafllai,  ika«i  that  tha 
tharaal  eaadaetlaa  laiiai  af  tka  gpra  aauatlaga 
ara  graat  aaaugk  ta  prayaat  lap  fluid  taaparilura 
gala  altk  paaar  aa.  Thli  iltuatlaa  caa  ba  ear- 
raetad  bp  laitalllag  laall  aaalllarp  haatari  aa 
tka  gpra  Bauatlag  blaeki  ta  naka  up  far  thaia 
eaadaetlaa  laiiaa.  Tha  lacand  earraetabla  eaa- 
dltlea  laralrai  tha  tanparitara  caatrallar  laa- 
lltlultlaa  aad  tlaa  eaaitaati.  Exparlaaaa  hai 
ikeaa  that  thaia  factari  ara  aat  ta  llaa  alth 
ilBllar  tppai  at  aaatral  ualti.  Oalp  altk  1 
praelia  daaerlptlaa  at  all  tha  tkarnal  eaadltlaai 
la  bath  tka  labaratarp  tait  aalt  lad  tha  ipitam 
eaa  tha  raqalrad  acearaclai  at  gpra  laitrunaata 
ba  raallaad  la  aparitlaaal  ipitaRi.  (Autkar) 
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AD-269  910  Olv.  9 
(T1ST«/«AI)  OTS  prie*  16.60 

DtltPtlfU  Dtittreli  Libi.,  Stbttli,  Mith. 

trrccT  or  iLir  on  the  uminan  oounoary  later 

NEAR  TNE  LEADING  EDGE  Of  A  PLAT  PUTE  IN  HTPER- 
SONIC  RAREriED  GAS  rLOH, 

br  RbbttI  E.  Strttt.  Nav  61,  6Ap.  laal.  Illat. 
(Rapt,  aa.  A9(  01-82-013R) 

Uaelaitlflad  rapart 

OERCRIPTORSi  (Shaati,  Gai  flaa,  Aaradraaatai, 
'Mppariaaiaa ,  'Saparaaradynaalet,  Sback  «aaaa, 
ORaadarr  layar,  'Laalaar  baaadaty  layar, 

Prlatlaa,  Oraa,  Haat  traaatar,  Ratbaaatlaal 
aaalyiti,  Dirtaraatlal  aRaatiaai,  Partial 
dlffaraatlal  adaatiaaa,  latafral  aqaatiaai, 

Sarlai.) 

Natr  tka  laadlap  ad|a  af  a  iharp  flat  plata  la 
hlfk  ipaad,  laa  daailty  tiaa  at  klfk  taaparatara 
fiiai  tka  ladaead  ihaek  aara  la  alaaat  itrsl(kt 
tad  tka  pratiara  tad  ralaalty  daaattraaa  art 
tharatara  apptailaataly  eaattaat,  Aitaalas  that 
tka  aatar  ad(a  af  tka  rlteaat  layar  aalaaldat 
altk  tka  tkatk  aara  la  tkla  raflaa  af  tka  flaa. 

It  It  pattibit  ta  latagrata  tka  kaaadary  layar 
apaatlaat  altk  firat  ardar  atlp  la  tka  baaadary 
aaadltlaat  at  tka  pitta  atlap  a  Gartlan-typa 
tarlaa  la  fraatlaaal  paaart  af  a,  tka  laafltad- 
latl  dlataaaa  alaap  tka  plata,  Tka  firtt  taa 
taraa  la  tkla  tarlaa  kara  baaa  faaad  la  alaaad, 
aaalytleal  fara,  Ta  taraa  la  a  ta  tka  firat 
paaar  tka  rttalt  latdt  ta  a  caaataat  ralaa  af  tka 
tkla  frictlaa  caafflalaat  tad  kaat  traatfar 
caafficlaat.  At  ta  tatnpla  tka  r’atalt  la  appllad 
ta  a  flat  plate  flylaf  at  Rack  aanbar  20  at 
299,000  faat  altitada,  akara  tka  affaatt  af  allp 
tra  alpalflatat  far  a  caaaldarabla  dlataaaa 
daaattraaia  af  tka  laadlas  adsa,  (Autkar) 


AD-269  2)1  Dir,  12,  9 
(TISTA/SED)  OTS  priaa  19.60 

Laakkaad  Aircraft  Carp.,  Darltttk,  Gt. 

SURVET  AND  ANALYSIS  OP  HYPERSONIC  AND  RE-ENTRY 
YEHICLES. 

Rapt,  ta  Ratatrak  ta  Aaradpaiaila  Pit*  Pltldt, 
ky  R.  N.  Laa|t,  D.  H.  LIttIa,  Jr.  aad  atkart. 

Sap  61,  IIJp.  laal,  Illat.  921  raft. 

(Caatraet  AP  ))(616)T2)7,  PraJ.  T06a) 

(Arl-62)  Uaaltatlflad  kapart 

DESCRIPTORS!  (*Rt-aatry  raklalaa,  ■Hrpar- 
aalaalty  raklajat,  Pllfiit  patka,  Skaak  adraa, 
Ra-tatry  taradyatalta,  Saparaaradyatalaa, 
■Hyptraaaltt,  Aklatlaa,  Daaadtry  layar, 
'Aaradyaaalt  kaatlaf,  Prlatlaa,  Haat  traatfar, 
Lift,  Draa,  Praatara,  Tkaary,  Hatkaaatlatl 
aatlyalt.)  *0161 Itfrapky. 

A  tarray  aad  aaalytla  «at  tMda  af  tka  aarathar- 
aadyakale  praklaa  araat  It  tka  fll|kt  apaatraa 
af  kypartaale  fllda  tad  ra-aatry  raklalaa.  Tkla 
rilfkt  apaatraa  Nat  daflaad  ky  tpaadt  bataaaa 
9000  ft/taa  tad  arklttl  tpaad  tad  by  tltltadat 
kataaaa  100,000  tad  AOO.OOO  faat.  Itjar  praklaa 
araat  af  fllfkt  Nltkla  tkla  apaatraa  wara  aaa- 
lyaad  ta  dataralaa  tka  aarartat  af  aalttiaf  data 
tad  ta  rtacaaaad  araat  akara  fartktr  raaaarak  It 
aaadad.  (Aatktr) 
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*0>269  3!0  Dlf.  9,  tj,  10 
(TIsrrAL)  OTS  prict  t2,60 

Br««a  U.,  fraflBtuct,  •.  I. 

ErricTs  or  conduction  and  viscosity  on  the 

STANILITT  or  LANINAR  TLANC, 

kr  1.  T,  rirliaft  ifid  Ogt-Ttk  Ckii,  Stp  61, 

lOp.  S  rgfi.  (Rgpt.  aa.  AP  646/3) 

Ctatrtet  Ar  49(630)646,  Praj.  9731) 

AroSO-1594) 

tlaelaaairlad  rapart 

DCSCOirTOOSi  ('Laalaar  baaadatr  larar, 
apanaa,  Caadaetlaltr,  Vlaeailtp,  Stabllltr, 
■nald  ria«,  Caaaa,  Eabaaat  (aiaa,  back 
aaaibar.)  (Gat  laalittlaa,  Chtaleal  raactlaat, 
TtKparatara,  Hatt,  Spaclfte  katl,  Erattara.) 
(laltcaltr  ttraetara,  Thaarr,  Gatat,  l.lRtida.) 
(rartarbtl laa  thaarr,  ERattlaai,  Olffaraattal 
apattlaai,  fartltl  diritraatltl  tbattlaaa.) 

Tka  airaetl  aT  etadactlaa  tad  rltaatitf  at  tka 
ttabllltr  at  laaiatr  fltnt  art  tatalaad.  It 
L  daaataa  tka  ratla  at  tka  aara  laastk  at  a 
diitarbtaet  ta  tka  fltaa  aidtk  tad  aipkt  It  tka 
ratla  at  tka  altlaata  Vaaparatara  at  tka  baraad 
|ta  ta  tka  laltlal  taaptrttart  at  tka  traak 
alatara,  tka  tiaaa  ii  taaad  ta  bt  tttbit  It  L 
It  lata  that  (ar  akaal  la)  2  tlpka/(tlpkt-l) 
aaltlpllad  bp  1/AaPr  akart  Nt  la  tka  Earaalda 
aaabar  at  tka  titaa  baatd  aa  tka  tiaaa  aidtk 
tad  Or  daaaita  tka  Ertadtl  aaabar  at  tka  alatara. 
It  la  tartkar  akaat  tkat  tka  aiabl I Itat laa  la 
tcklartd  prlaarllp  tkraajk  tka  attact  at  katt 
etadactlaa  aa  tka  tiaaa  apaad  ratkar  tkaa  tka 
laflaaaea  at  rlacaaltr.  (Aatkar) 
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AD-269  003  Dir.  14,  16,  25 
(TISTN/EJN)  OTS  priea  111. 00 

ratla  Oaaaarak  Lab.,  Naaa,  laat,  at  Tteh,, 
Caabridga. 

TRANSIENT  NEAT  AND  NOISTURE  TRANSrCR  TO  SRIN' 

THROUGH  THERHALLY  IRRADIATED  CLOTH, 

br  H.  C.  Nattal,  C.  C.  Hllllaaa  tad  atkara. 

26  Daa  61,  130p.  lael,  lllaa.  23  rata.  (Ttek- 
alcal  rapt.  at.  0) 

(Caatrtet  DA  19-129-9a-1592,  OraJ.-aat.  7-12-01- 
002a  tad  7-99-01-001) 

Uaalaaaltlad  rapart 

DESCRIPTORS!  (askla,  Sarea,  laklbltlaa,  Slai- 
alatlaa.)  (Prataetlra  cararlaga,  aPrataatlva 
alathlag,  Plra  prataetlra  alatklag,  latarltit, 
Taatllaa,  Cattaa  taatllaa,  'Hatt  trtatfar, 
Tktratl  eaadaetirltr,  Calara,  Halatara,  latk- 
tatlletl  tatirila.)  (Tharaal  radittlaa,  Thar- 
atl  latalttlaa.  Tart  aathada,  Taat  agalpaaat.) 

A  atadp  aaa  atdt  at  tka  tetlaa  at  elatk  la  pra- 
taetlag  alia  traa  tkaraal  lajarp  raatltlag  traa 
tapaaara  ta  klgk-lataaaltr  tkaraal  radlatlaa. 
Ittkada  wart  dartlapad  ta  abttla  taaptrttara- 
tlaa-daptk  data  tar  a  arataa  ilaalttlag  tkla 
aararad  kp  a  Itpar  at  drp  ar  aalat  elatk.  Ei- 
parlatattllp  tkla  aaa  taeoapllakad  bp  tka  aaa  at 
a  aappar-tlr  alaalaat  akiek  aeetpta  kaat  at  tka 
atat  rata  at  kaaaa  tkla  bat  dtrtlept  a  prtpar- 
tltaally  atratekad  taaparatara  pratlla.  Tka 
aatkad  faellltatat  tka  laapaetlaa  at  tka  litla- 
aaeat  aa  taaparatara  dlatrlbatlea  la  tka  tkla  at 
rarleaa  apataa  praprrtlaa  tad  tka  aarraaadlag 
eeadltlaaa.  Tka  tkla  eatktlpp  rita  tbara  a 
critical  taaparatara  laral,  a  taaalbla  baala  tar 
carralatlag  bare  data,  aaa  taaad  ta  ka  rarp  aaa- 
altlre  ta  allgkt  rtrittlaat  ta  the  taaparatara 
raapeata  tad  daaarrat  tartkar  teatlag.  (Aatkar) 
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Fig.  7  (Continued) 


AO-269  784  Dlf.  17,  25 
(TlSTV/BiV)  OTS  priet  |1.25 

Dtftiiit  Htltli  Infornatlofi  C«iit«r,  Coltiitbtit, 

Ohio. 

THE  CitTTANCe  OF  CHOOHtUM.  COtUMOlUH.  iOLYBOCWIH, 
TANTALUM,  ANU  TUNGSTEN, 

bp  «.  U.  «oo8,  H.  N.  Ottii,  tud  C.  r.  LmcAi. 

10  D«c  61,  47p.  inel.  tllvt.  24  r*ft. 

(OHtC  Nt«o.  no.  141 ) 

UncUttirUd  rtport 

OESCRIFTOMSi  (Mottli  ond  Attopt  of  *€hro«lwn, 
*M'o1  pbdonwa,  *Nlobio«,  'TontolMn^  *Tuiifltttn.) 
(*Tlitr«ol  radiation,  Thorailoiilc  tmltalon, 
Blaekbodp  radiation.  Heat  tranifor,  Monecbro- 
natle  llflbt,  Abaorptlon,  Brtpbtnoai,  Rofloe- 
tlon.)  (Tost  tRMlpiaont,  Tktrffoconpita, 
Tbtrnoplloi,  Optical  oMulpmont,  Rndlntlon 
pproMOtori,  Spoctropbotoaiottrt,  Tkormlttori. ) 
Uata,Tibloi. 

A  coapllatlon  li  prtiontod  of  orlplnnl  itat  data 
an  aalttanct,  rafUetanct,  and  adaorptanca  of 
Cr,  Nb,  Ma,  Ta,  and  M.  Tba  data  vara  tahtn 
fraa  tka  lltaratara  pabllakad  darinp  tba 
parlod  1940-1959  Inelaalra,  and  aa  ancb  of  tha 
I960  lltaratara  aa  eoald  ba  abtatnad.  Tba 
fallanlnp  aoarcaa  «ara  aaarebadi  Cbaaleal 
Abitracti,  Ccraalc  Abatracta,  Matal larpleal 
Abatracti,  Naclaar  Selanea  Abatracia,  and  tba 
fllaa  of  tba  Utfania  Mctala  Infaraatlon  Center 
(UMIC).  An  attempt  «aa  «ade  to  aaalaate  tbeae 
aoarcea  of  data  aceordlnp  to  tbe  apparent 
tboronQbneai  of  aetboda  and  tecbnlqaes  aa  de- 
aerlbed  bp  tbe  varlowa  Inveatlaatora.  In  many 
caaea  tbe  deacrlptlona  In  tbe  llteratvre  are  a 
aeaiMary  of  netboda  and  reawlta,  and  a  complete 
Ofalaatton  la  Impoaalble,  Curvta  are  preaented 
vblcb  appear  to  Indicate  tbe  leoat  probable 
ealata  for  tbe  varloaa  condltlona  and  materlala. 
(Aatbor.) 
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«D-369  499  DIv.  25 
(TISTA/MAN)  OTS  prlei  t6.60 

trusts  Csglsttrls,  Dtrslspasst  Cssttr,  Arnold 
Air  Fores  Ststloo,  Tons. 

DIAGNOSTICS  OF  A  FLASHA  FLAME  EXHAUSTING  TO 
ATNOSFHENIC  FNESSUNE, 

bp  N,  E,  HeGro(or,  Jr.,  M.  T.  Doolsp,  sod  L.  E, 
Sroaor.  Jon  62,  65p.  tnel.  lllni,  tobiss  (AEDC 
TN  61-16) 

(Csntroct  AF  4O(60n)SO0,  FroJ  .  8951) 

llneloosif Isd  roport 

DESCNIPTORSi  (Floiao  pbpsiei,  •Floino  Joti, 

Got  lonlittisn.  Holloa,  'ArDon,  Ttaporotoro, 
Motioroaont,  Inttroaontot Ion,  Spoetrogropb Is 
tntiptit.)  (rioiao  Jolt,  Enboott  fotot, 

Exbtoit  ritaot,  Tboraol  rodittlon,  Nttboaotlcol 
onolpt  1 1 . ) 

A  tpoctroaotr le  ittlbod  to  •ooioro  ttaporilnro  In 
0  bl,b  ttaporotoro  got  ttrooa  prodneod  bp  o 
Gordlon-tppt  ore  pitta*  gonorottr  wit  dtrtlopod. 
Tb*  Fonler-Mllo*  pitting  fonetltn  aitbod  ail 
laplopod  able*  otilliod  both  tbi  ipaetril  lilt 
tod  eontlnooa  ridlillsn  In  tbo  4000  A  ring*  fria 
in  irgon  pliiai.  Exeltitlin  tiapiritirii  am- 
orid  frsa  llni  ridlitlin  lid  ilietr**  tiapiri- 
torii  ditiralnid  fria  tbi  eontlnooa  ridlltlsn 
igriid  altbln  iboot  firs  pireint,  Tbi  aitbod  an 
ippllcibit  prirldid  tiapiritarii  lirgir  tbin 
16,orr  E  lolitid  at  tbi  eintar  of  tbo  anlipa- 
ailrle  J*t|  tbo  rongo  of  tiaporitor*  aiatiroaint 
aoi  tbin  froa  oboot  7000  to  28,000  E.  Coapirlion 
of  Ibi  irertgi  tiapiratoro  obtalnid  oilng  tbs 
ipictroaotr Ic  aotbtd  altb  tbi  irorigs  toapiritora 
obtilnid  oilng  in  inirgp  balinei  Indleatad 
iirlooi  dliigriaaant.  Coapirlion  of  tbo  total 
rntbilpp  obtilnid  oilng  tbo  ipictril  tiaporitori 
altb  tbit  obtilnid  froa  tbo  anorgp  balaneo  alio 
Indleitod  d liagriiaant .  Tba  raiton  for  tbe  dlt- 
igriiaint  an  tbit  tbo  Jet  eonittid  of  blgb 
froqoincp  ire  ebannila  aorlng  aboot  In  tbo  atrsoa 
ltd  tbit  tbo  radiant  laltilsn  rnoltad  fFoa  tbaao 
blgb  taaparitara  alaetrona  ritbar  than  froa  tba 
arariga  gat  atsat,  (Aatbor) 
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Fig.  7  (Continued) 
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«0>269  850  01*.  9 

(TISTP/TL)  OTS  p*l«  14.60 

CcacyMiilei/CoaTtlr,  St«  Dl«t«,  CtllP. 
EIPE8IIIENTAL  OETERNINATION  OP  THE  SLOM  NO  DECON- 
POSITION  RE6INE  AROUND  5000  DEGREES  E  REHIND 
SNOCE  RAVES, 

bf  C.  0,  Ludwlf,  E.  G.  P,  S«ltiia«R, 

P.  S.  Hrbietk.  JO  Jhh*  61,  37p,  lael.  tlt«>, 

10  rtft,  (R*pt.  ■«,  EPk-110) 

(Csatrtet  DA  04-495-ORO-31 1 2) 

(ARPA  Ortftr  ■•,  39-59)  UacltlllElaO  report 

OEGCRIPTORSi  (RSlioek  *•**•,  *NltroD*k  eoa- 
pooiidi,  •Oaldot,  •loErorod  radlttlon,  Voloeltp, 
Mooiaroaeot,  Tooporotort,  Oooiitjr,  OptUol 
Ijtttiir,)  (Hoit  traoifrr,  Gopti,  Load  diotrl- 
bution.  Nock  iioahor,  Vaeaon  ipitoai,  Photo- 
grtpkle  ONaljrili,)  (Eloetronle  eqolpnoRt, 
•Skoek  tobti,  Oielllogrooi,  OreiUoicepoi. 
EloIttyV*  tloetrokle  ogolpoORt,  PloiokUetrie 
ga««i,) 

Tk«  daeonpoaltlon  of  nitric  oxld*  betnoan  2250 
and  3450  E  kai  boon  atodtod  In  ahoek  tabo  on- 
perlarnta.  The  aalttod  Infrared  radiation  of  tko 
fvndaorntal  band  apitea  of  NO  kai  boon  aaod  to 
drtrroinr  tkr  tine  darotlon  of  tko  alon  doooa- 
poiltlon  regine  of  NO  behind  akock  aaaea  in  pare 
NO.  It  li  foaad  that  the  teaperatare  dependoaep 
of  the  daratlon  ft  In  good  agreenent  with  the 
theoretleol  aodel  ne  have  detcrihed  prerioaoly. 
(Aathor) 
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AD-2tO  035  DU.  2,  30 

(TISTP/MFA)  OTS  price  $2.60 

Air  Force  Canbrldoe  Reieorch  Libi.,  Bedford. 

Mai  g . 

A  NUHERICAL  METHOD  FOR  COMPUTING- RADIATIVE 
TEMPERATURE  CHANGES  NEAR  THE  EARTH'S  SURFACE, 
by  KIMlan  P.  Elliott  and  Donald  N.  Stevens. 

Sep  M.  21p.  Incl.  lllui.  table,  )2  refs. 

(CRD  Recearcli  notes  no.  C9)  AFCRL-669) 

;ProJ.  7f55) 

Unclassified  report 

DESCRIPTORS!  (Numerical  analysU.  ■Infrared 
radiation.  Earth,  Surface  properties.) 
(Temperature,  Atmosphere.  ■Climate.  Mater 
vapor.  Specinc  heat.  Air.  Density.  Fog.) 
(Digital  computert,  Proorammlnq,  PartUI 
differential  equal  Ions.; 

A  method  of  computing  the  temperature  changes  due 
to  Infrared  radiation  flux  divergence  is 
presented.  The  method  is  based  upon  a  tabular 
scheme  developed  by  D.  I..  Hrooks  (J.  Meteor. 

1  >'>(').  Application  of  the  method 
to  actual  data  shows  that  the  radiative  temper- 
ature  changes  can  exceed  the  observed  temper¬ 
ature  changes  at  night.  The  radiative  temper¬ 
ature  changes  decrease  with  elevation  and  be¬ 
come  1-2  degrees  per  day  at  about  10('  meters. 
Several  applications  of  the  method  In  boundary 
layer  studies  are  also  indicated.  (Author'' 
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Fig.  7  (Continued) 
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A0.269  775  UJ*.  y) 

(TtST»/ECT)  OTS  prl«t  |«.10 

WfitlRVliOHit  tl«ctrlc  Corp.,  Pltttbyr^h,  Fo. 
UISICN  or  NOUtL  or  a  thermoclcctiiic  air  con- 
OITIONING  SYSTEM  TOR  SUBMARINES, 
rintl  rtpt.i  1  Jmh*  Ma|  61, 

by  C.  H.  FriHttl.  1  May  6',  75p.  incl.  Illut. 
tPblt  (Rtpt.  no.  ^l6t.Ci;?ce*2C8(l)) 

(Contraet  N0bi-‘’7C95) 

Unelottiriod  ropoft 

UESCRtPTORSi  (*Thtriio«ltctrlclty,  "Air  con- 
dltlonlnp  t^Mlpotnt  for  *Syboarlntt,  Uotlpn, 
TRaory.)  (Rtf rlRtratlon  lyittaia,  Ntat  «»• 
ebanftri,  Tbtroal  Iniylatlon.  Vlbratlo>«. 

Shock,  Taiti.)  Olaat  iraotf^r  * 

ba'»r.  '■r. 

a  tharfloelcctrlc  beating  and  cooling  nedyle  wot 
conitraetad  for  Inatallatton  In  a  water  to  water 
air  conditioning  syttem  aboard  a  sub«arlnt. 

Tbli  nodult  baa  a  cooling  rating  of  2550  STU/br. 
at  a  coefficient  of  pcrforoance  of  0.75  and  an 
operating  cerrent  of  55  anperet  dc4  Tbia  rating 
waa  bated  on  a  05  r  atnk  water  tenperatyre  and  a 
cblll  water  temporatyre  of  55  f.  Tbe  yntt  wai 
deilgned  to  witbitand  lybwergenee  presturea  and 
tbe  corroilva  effect  of  tea  water  In  all  water 
poatagta.  It  occaplot  a  volywe  i  ft.  by  i  ft. 
by  5  inebtt  and  waa  designed  for  eaae  In  atach* 
Ing  Into  larger  capacity  anltt  witbowt  additional 
ipoct  being  reqwlred  for  coupling  between  wnlts. 
It  bat  a  uflgbt  of  5<"  pounds.  (Autbor) 

j=  4 
k>  121 


ad-269  2P5  lllv.  25 
(TISTP/WM)  OTS  price  06.60 

RAND  Eorp.,  Santa  Monica,  Calif. 

THEORY  or  IONIZED  TRAILS  rOR  BODIES  AT  IITPERSONIC 
SPEEDS, 

by  P.  S.  Lykeydla.  29  May  61,  rev.  5  Oat  61, 

^2p.  Incl.  Mina.  26  refa.  (Reaeareb  neno.  no. 
RM-2602-1 -PR ,  rev.  of  Reaeareb  niene.  no.  RH-2682, 
AD-257  9)P) 

(Contract  AK  49(630)700,  ProJ .  RAND) 

llaelaaairied  report 

DESCRIPTORS!  ndn  mat  I  on  tralla,  Hodlaa 

”  yperaanlci.)  (Aaredynaml c 
■'  ^.Toiiona,  Tber»edynaaUa,  *Gaa  lenlaa- 
ilon,  Velocity,  Cntbalpy.)  (*Me-entry  aero- 
dynanlea,  Meat  tranafer,  Tbertaal  eondnetlvlty.) 

Tbe  charactariatlea  of  tbe  gaiaoya  trail  remain¬ 
ing  hebind  a  body  moving  threygh  tbe  atmoapbere 
at  byperaonle  apeada  are  dlacniaed.  Heana  are 
aougbt  for  aaeertalnlng  tboae  varlablea  that  can 
ba  mtaoured  and  uaed  ta  predict  tbe  ebaraeter- 
latlci  of  tbe  body  canalng  tbe  trail.  Tbe  avail¬ 
able  tbeeretleal  and  experimental  literature  la 
reviewed  and  tbe  baale  aipeeta  of  byperaonle 
tralli  are  preaented.  In  tbe  eaae  of  tbormody- 
namlc  egylllbrlnm,  a  yniveraal  aolatlon  la  found 
for  tbe  velocity  and  enthalpy  dlatrlhutlona  at 
a  station  bebind  tbe  body  where  tbe  preasnre  baa 
reached  Its  ambient  free-atream  value*  Tbe 
l berma l-condoet 1  on  part  of  tbe  trail  la  also 
studied.  An  analytic  aolutlon  la  found  fnr  tbe 
ease  of  vnrlable  thermal  conductivity.  Tbe 

■'  troll  baaed  on  a  minimum  lonlta- 

n  level  la  calculated  at  different  altitudes 
for  an  llluitratlva  re-e>;lry.  Tbe  Influence  of 
tbe  trailing  sboeh  on  tbe  conduction  part  of 
tbe  trail  la  dlacuaaed.  A  preliminary  study  la 
also  made  of  tbe  trail  under  chemically  froten 
conditions.  (Autbor) 
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Fig.  7  (Continued) 
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*D-St9  507  01*.  15,  IS,  4 

(TISTI/EJII)  OTS  prUt  12.50 

■  ttttll*  lilt.,  Cpliiabvi,  Ohio. 

STUDY  or  k  CAPRON  OlOSIDC  REDUCTION  STSTEM. 

Rppt.  r*r  1  lar  59>51  0«e  So  *•  CqalpapRt  for 
Lift  Sappart  la  Aaraapaea, 

bp  Jab*  f.  raalar  aa4  Jaatia  S,  McNattp.  Aaf  61, 
lOAp,  lad.  Illaa.,  tablaa,  18  rafa. 

(Caalraet  Ar  55(616)6532,  PraJ.  6573) 

(ASO  TR  61-588)  UadaaairiaR  (apart 

DESCRIPTORS!  ('Catbaa  RIaalda,  •Dacaapaaltlaa, 
■Radactlea,  NIfb  taaparatara  raaaareb,  Radta- 
lla*  affaeta,  Pbatacbaalatrp,  Alkali  aatala. 
Alkali  aatal  caapaaada,  Hpdridaa,  llpdtoR**, 
Catalpala,  Catalrata,  Iraa,  Natar,  Sa'parattaa, 
Carba*  dapaalta.)  (Natar,  Cl actral pala. ) 
(Spaeaahipa,  Satalllta  rablelaa,  'Air  eaa- 
ditlaalaf  aqalpaaat,  Pradactlaa,  Oapfaa.) 

A*  aaflaaarlaf  aadal  af  a  apataa  far  radaclaf 
C02  at  a  rata  af  500  ee/ala  bp  raaetla*  »ltk  H 
arar  baatad  aatalpata  aaa  datalepad.  Tka  prl- 
■arp  pradacta  af  tba  raaetlaa  «ara  aalid  C  tad 
•atar  tapar.  Ta  raearar  braatbabla  0,  eaadaaaad 
•atar  rapar  aadd  ba  fad  ta  aa  alaetralpala  talli 
tba  N  bp-pradaet  af  tba  alactralptl*  »a*ld  tka* 
ba  aaad  ta  radaea  aara  C02,  Sal  Id  earbaa  I*  ra- 
aarad  parladlealip  fraa  tba  apparataa  aad  dia- 
cardad.  la  tba  flaal  taat,  tba  apparataa  aaa 
aparatad  caatlaaaaalp  far  a  parlad  af  11  br.  at 
abaat  lOS  abara  tba  tarpat  caaiarilaa  rat*.  Na 
aatlaat*  that  tb*  C  dapaalta  eaald  ba  accaaalatad 
far  at  laatt  2  dap*  la  tba  praaaat  raaetar  bafara 
latarraptlap  tba  praeta*  far  raaaial  af  C  aad  ra- 
aaaal  af  catalpat.  NItb  apprapriat*  aalataRaaca 
praeadiraa,  tb*  apparataa  abaald  aparata  far  tba 
apaelflad  aaalaan  af  3  pr  altbaat  difficaltp. 
(Aatbar) 


AD-269  000  Dir.  25 
(TISTN/CEC)  OTS  pric*  13.60 

AaraCkaa  Raaaarch  Labi.,  lae.,  Priacataa,  N.  J, 
PRELIRINART  OBSERVATIONS  ON  THE  EFPUSION  COOLING 
OF  CATALYTIC  SOLIDS  EXPOSED  TO  PARTIALLY  DIS¬ 
SOCIATED  NONEQUILIBRIUM  CAS  STREANS, 
bp  Daalal  C.  Raaaar.  Oct  61,  28p,  lad.  Illaa, 
tablai,  32  rafa.  (AaraCkaa  TN-37) 

(Caatraet  AP  49(638)300) 

(AFOSR-1841)  Uadaaalflad  (apart 

DESCRIPTORS!  CSdlda,  Catalpita,  aPlla 
cadlag,  'Caaaa,  Praraara,  Tarbalaat  keaadarp 
lapar,  Tharad  dlffaalaa,  Traaipart  prapartlai, 
Haat  af  faraatlaa,  Chaalcal  raaetlaat,  Reac- 
tlaa  klaatlei,  Tbaraacbaalatrp. )  (Cealaata, 
NItrapaa,  Cthpl***i,  Aaaaala,  Nlirapaa  caa- 
paaada,  Oddaa.)  Elactric  diacharpaa, 

Tb*  eaaaapaaacaa  af  pa*  phaia  abaalcal  raaetlaa 
kata***  aa  affaalaa  eaalaat  aad  cbaaleallp 
raacti**  apaclaa  prataat  la  tba  fra*  atraaa  ar* 
dtaeaaiad  alth  regard  t*  eaaracti**  aaarpp  traaa- 
far  ta  eatalptUaUp  actlra  lalldi,  A  paraaa 
C*  aarfac*  aaa  aapeaad  ta  a  aapartaalc  atraaa 
af  adiratad  N.  The  ralatita  affect  Iraaaai  af 
athplaaa,  NH3,  N,  aad  N02  aa  eaalaat*  **•  aarkad- 
Ip  altered  bp  tba  affaeta  af  ipaelflcltp  la  thair 
pat  phaia  cbaalcal  babarlar,  Tbli  aappaited  that 
dlffareaeat  la  pat  phaia  chaalcal  raactirltp 
caald  ba  aaad  la  lelactlap  affaalaa  cadaata  far 
cat  dpt  leal  Ip  actite  lalldi  axpaiad  ta  high 
taaparatara  partlallp  dtiiedated  itraaaa. 
(Aatbar) 
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Fig.  7  (Continued) 
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AO-269  200  Dlv.  25,  9 
(TISTP/Mft‘A)  OTS  priet  19.10 

Rochtt  Rtittreh  l.lb.,  Olilp  Stat*  IK,  C^lanbaa. 
■ACNCTOIIVDROOTNAMIC  EFrP.CTS  ON  EXOTMERMAI.  OAVES, 
t.  THEORETICAL  PROOLEMS  ON  A  MACROSCOPIC  SCALE. 
It.  CXPERIMENTAI.  STUDY  MITII  MYOROGEN-OXYCEN 
OETONATION  HAVES. 

Rapt*  aa  Raiaareb  aa  raMbvatloa  Klaatlet, 
by  Hlabatl  C.  Paaf,  Laraa  E.  Holtlaper  aad 
Radatpb  Edit.  Sap  Cl,  90p.  lael.  Illua.  tablaa. 
25  rafl. 

(Caatriet  AF  35(616)5615,  ProJ.  7rn) 

(ARL  ^9)  Uaetaailflad  rapart 


AD-26<)  539  Olv.  ^ 

(TISTA/NAW)  OTS  prlea  $4.60 

Callforala  U..  Darkalay. 

STRONG  INTERACTION  HITH  SLIP  8OUN0ARY  CONOITIONS. 
Rapt,  ea  Raiaareh  oa  Aaradyaaalc  Flaw  Fialdl, 
by  J.  Araaaty.  Sap  61,  25p.  lllai.  25  rafi. 

(Caatract  AF  33(616)6161.  PraJ.  7064) 

(ARL«64)  Uaclaiilflad  rapart 

DESCRIPTORS!  (•Alrfal li.  Aaradyaaalea , 
*llyparioa lea ,  Sbock  wavaa,  ■Boaadary  layar, 
latarfaraaea ,  Praaiara,  Orap,  Haat  traaafa  , 
Natbaaatlcai  aaalyilt.) 


OESCRfPTORSt  (•MapaatabydradyaaMlea,  Gat 
flaw,  Cai  laalaatlaa,  Cbanical  raactlaaa. 
Halt,  Flawaa,  "ElaetraMagaat le  wavaa. 

Hall  affaet,  Tkarwadyaanlei,  TRarnal  caa- 
daatlvlty,  Hydrasaa,  Oayoaa,  Skaek  wavaa.) 
(Eiparlwaatal  data,  Tahlai  af  ChaMUal 
prapartlat,  Pkyi'leal  prapartlaa.)  (Partial 
dlffaraatlal  aRaatlaai,  l.laaar  lyatawa, 
Partarbatlaa  thaary.) 


Varlaai  prablawa  aiiaclatad  wltb  tbk  wacraaeaple 
•ifaatakydradyaawle  affaeta  aa  aa  asatbarnal 
wava  wara  traatad  aa  tka  baali  af  oae-dlwaa- 
ilaaal  flaw  eaaa Idarat laai «  A  ataady  aaatbarMal 
wava  travallao  la  aa  laalvad  wedluw  aadar  tba 
Saflaaaaa  af  a  tranavaraa  wapaatlc  flald  waa 
faaad  ta  dlaplay  prapartlaa  ilwllar  tw  ttioaa 
af  a  claaaleal  dataaatlaa  or  daflagratlaa  wave. 
Far  a  bydrawapaat Ic  aiatharwal  wave.  It  waa 
faaad  tkat  a  dlacaatiaalty  altker  ta  therwa- 
dyaawte  <iaaatltlaa  ar  la  wapaetle  field  atreaglk 
appaara  aa  aaaa  aa  tka  flaw  raaekef  tke  traaai- 


tlaa  rafloa. 


A  lelHtlaa  ta  the  prablan  of  airaag  lateraetloa 
betweaa  Ike  ikoek  wave  aad  ika  bajadary  layar  kaa 
been  abialaed  for  the  caae  where  velocity  allp 
anil  tewperature  Jump  beaadary  caadltloaa  are  can- 
ti»teal  at  tke  wall.  It  li  ikawa  that  tke  addi¬ 
tion  of  allp  boundary  eondltloaa  yielda  a 
correction  of  order  (boundary  layer  tkUkaaaa/X) 
to  tke  no  slip  lolution.  Eitlwatet  are  wade  of 
the  effect  of  allp  on  Induced  preaiurea  and  akin 
friction  for  tke  caae  of  the  adiabatic  wall.  In 
addition,  it  la  akown  tkat  tke  Inclualon  of  allp 
boundary  conditlona  doea  not  ckange  the  energy 
tranafer  to  tke  wall  from  tke  no  allp  valuea. 
tAut  kor  > 
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Fig.  7  (Continued) 
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AU.26(>  594  Ulv.  10 
(TlSTA/St.R)  OTS  prict  i>.  10 

Leehhttd  Aircraft  Corp.,  Marietta,  t;«. 

MAIN  PNUPtLLANT  TANK  PM  t  SSI'M  1 /At  ION  SY.STtM  STIt|»V 
ANU  TI.ST  PROGRAM.  VOLIIMK  III.  UfSIGN  HANUHttOK. 
Plaal  r*pt.,  1  Jaljr  6o>l1  Orl  M. 

Utc  61,  ')5p.  lacl.  Illui.  tahlat,  11  refa.  (Kept. 

NO.  eR  5/16) 

(Cantraeti  At  (v.(6l  '  )6(^97  nntl  At  04(611)7014', 
ProJ.  6751) 

(SSU  TR  61-21,  vfli.  1)  Uaclaa<irte<t  repart 

UCSCRlPTURSi  (Liquid  rncket  propellanta, 
*Prapellaat  taahs,  Preiture,  Cnnf  Igurat Iaa, 
Cenatetrjr,  Velune,  Uealga,  Military  require- 
•  •ata.  Mat  Keaiat  I  r  a  1  aaalytla,  Itaaithoah  a  .  ) 

(Gai  geaeratlag  lyttetai.  Market  fuel*.  Market 
aildlieri*  Vaporliatlaa,  CoAhu* t laa. ) 

(Gate*,  Liquefied  ga<ei,  Oiygea,  Hydragea, 
Hydraalaei,  Metkyl  Mydra/laes,  Nttragea  raA* 
peuadi,  Tetroildei,  Starage.)  (Prapellaat 
taak  llaeri.  Material*,  Metal*,  Phyalral 
propertlc*.)  Meat  ecckaager*. 

Ueilga  laforaatloa  aa  liquid  prapellaat  taak 
pre I *ur 1  lat I oa  ayateAi  1*  preieated.  Tke  area* 
coeered  aret  preisurl rat laa  gat  requ I remeat a, 
laciudlag  kaad  calrulatlaa  prareUurea  aad  aa«ii- 
grapki;  taakage,  larludlag  Material  propertle* 
aad  voluAe  aad  «all  area  rurve*;  aad  ruApoaeatt, 
laciudlag  itored  Me  lyiteA  uelgtit  rurve*  nad  a 
•  iMple  hut  accurate  heat  exchaager  detfgn  Aetkail. 
(Author) 

j.4 

k»OI3 


*•-/.  hiv.  1 
/VOW)  MIS  prirf  l>».lo 

l.carrat  I)  >  niim  I  r  a/(  oav  a  I  r  ,  Saa  IHcgn,  (alif. 

IM  \  I  I  nPMI-NI  01  A  HU.II-IT  Ml'KHATI'Ht.,  Nf'l  lt.AII- 
HAlHAf  lOS-UIMSlANI  PMliMAT  l(  IMIMt  H  SYSTtM  t  OH 
I  t  H.ll  l  1 1  M  l(  I  t.S 

Oioitt4Tl>  r«‘pl.,  Srp-.,.  Ore  M. 

.  IHt  I  1,  k^.p.  lari.  Mill*.  (Hipl.  n«i.  /H- 
1  ’  I  -  1  I . 

I  f  oa  I  r  II  r  I  Al  ‘  '  I '  ,  " '  ; 

I  nr  I  It  a  *  I  f  i  oil  ropn  r  I 

1>  IM  H  IP't  OHS  I  ( '•  I’lifiifiiii  t  I  r  ayRlom*.  Ho  *  I  *  I  iiar  , 
liwpi  riitiiri*.  Ilii  rmiil  niilliitloa,  lllgli  Irmpfrii- 
tur«‘  ri-tritnli.  H.-olliiilon  il;im,ii|c,  HiuilHtlon  pr¬ 
iori*  lAIrcr-iri  o<|ii  ipmrit  I  ,  1  u  rlm-rnAj  o  I  s  , 

I  om|»ri*  a  *«r  *  ,  Hotiiry  Mimp  r  smi  r  #  ,  Itlijh  pri'iiaiirr 
I  o«ipn**Kor* ,  1  lonpri-sM-il  u  |  r ,  riM-iiAiHlc  nysli-As, 
linilr«»)  Si*lfms,  Midi.iiiMr  piiurr  lyalrms. 

0»' s  1 1)  II .  ,  ^  '  l'il<‘  II  m,i  I  I  (’  il  (■  V  1 1  (*  s  ,  Pii  r  iiiniM  I  (  i  .1  I  \  i  -  s  , 

I'ariintii  1  1 1  *  r  r  V  omr  1  ti  .mi  t  s  in*  ,  IM>|)i  pri'ssiirr 

1 II 1  i  !•  s  ,  I  lir  I  k  V  .1 )  i  !■  V  ,  I'  rr  •-  s  II  r  !•  r  ••  >1 11 1  ii  I  o  r  s , 

<  am  I  *>  I  i  1 1  i  r  s 

The  iiovo  lopmi’nl  ilalu*  of  iho  rolary  iictualor 
Mild  *iTVO  v«lv»‘,  prraaorr  rrgulatar,  rrilof 
valve,  <1  f  r  uAu  I  a  t  or  ,  flllrr  ond  rhei-k  valve  at 
wfM  as  Ihr  t  u  r  lio-i  onp  re*  *  or  lire  ditruased. 
Praiire**  wiia  made  on  refining  the  test  program 
for  Ihe  liilie  filling*  anil  bo**  Keals.  A  high- 
leAperaliire  farlHlIes  survey  Mil*  uadertakra  to 
evaluate  I  ns  t  r  u  me  n  t  a  I  1  on ,  proreilures,  and  aafely 
regii  I  a  I  I  on*  uxeil  by  other  rompnnit'S  ronrerneil 
with  h  I  gh-1  empe  r  I1 1  u  re  anil  nurlear  radiation  test¬ 
ing.  Heaulta  of  thl*  survey  are  also  Included. 
Inlllal  pri-pn  rat  I  on*  were  undertaken  lo  prepare 
the  high  1i*mperalure  test  tnborainry  for  the 
t('.*t  phase.  Modification  of  the  environmental 
rhamber  and  11 1  r  heater  are  underway.  Initru- 
meniiittnii  ref|u  1 1 1'men  t  *  were  reviewed  and  prelim¬ 
inary  proniremenl  wn*  Inllinled  on  long  tend 
time  1 1>  *  t  e«|ulpment.  ^Author) 
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Fig.  7  (Continued) 
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AO-2^9  )A7  Div.  27,  in 
(TISTA/SER)  OTS  prUt  $10. 5C 

C««ifril  Cltetrlc  Co.,  Cincinnati,  OAlo. 

ORSCHVEU  EMISSIVITieS  OF  ROCKET  COMOUSTION  CASES. 
Final  rapt., 

by  0.  E.  Roblien  and  S.  J.  Van  Groun.  Dae  ^1, 
132p.  Inel.  lllua.  tablai,  15  raft. 

(Contract  AF  4^(^311)413) 

(AF0SR-19n4)  llnclaac  If  lad  rapart 

OESCRlfTOl:Si  (Roehat  notora.  Liquid  rachat 
prapallanti,  Canbuatlan,  ^Ceohuitlon  cboaibar 
foiai,  *Fxhautt  gatat,  Pratiura,  Tamptratura , 
*Tharnal  radiation,  Infrarad  radiation.  In¬ 
frarad  ipactrateopy,  natectlon,  Naaauraniant , 
Tatti,  Thaarr,  Hathanatleal  analrtlt.)  (Nitric 
acid,  Anaanla,  Mydratlnat,  Nltragan  canpaunda, 
Tatravldaa.)  (Taat  aqulpnant.  Infrarad  da- 
tactara,  TRaraapltaa,  Oetactora.)  (Taat  natb- 
ada,  Spartragraph U  analjrtla.) 

Tba  total  and  tba  apactral  Intanalty  of  tba 
radiation  aalttad  lijr  rockat  camhuatlan  praducta 
at  blgK  praiiura  ana  ttudlad.  Spaetrat  and 
total  radiation  data  ara  pratantad  far  3  rockat 
prapallant  tfatantt  HN03  and  HNI;  N2O4  nnd 
NH3;  and  N2O4  and  N2H4.  Cacb  of  tba  caablnat lona 
cantalnad  M20  at  tba  principal  radiating  9»a. 

Tba  naaauranant a  vara  nada  at  a  novlnal  coMbus- 
tlon  praaaura  of  7nn  pfla.  F.nlaalvtty  cor- 
ralatlant  and  natboda  of  aatlnatlng  tba  tanpara- 
(ura  of  tba  conbuatlon  gaiaa  ara  davalopad.  A 
tacbfi  Iqur  li  glvan  for  obtaining  diract  obtarvo- 
(ion  ni  bigb  1  fMpf^r  a  t  ur  a  gaaaa  Inalda  tba  con- 
buation  rbnnhf'r  of  e  annil  rnckat  motor. 
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AO-J69  U1  Dl*.  9,  15 
(TISTF/dr*)  OTS  prie*  il.60 

Y..hl«.  U, ,  N.a  York,  , 

INVESTICATION  OF  A  VARIATIONAL  PRINCIPLE  FOR 
OPEN  SYSTENS, 

bjf  J.  L.  L.boalti  i.d  E.  N.rrti,  1961,  Up. 

12  raft. 

(Cs. tract  AF  49(69E)7;9) 

(AFOSR-1619)  U.eiccilfl.d  report 

DESCRIPTORS!  (>Flvld  flOH,  •H.it  trioif.r, 
H)rdrDd>...le.,  Thtraodrc.iaUl,  Ea.rgp,  Ch.aie.l 
•  qull  Ibrl.B,  E.trepp,  Tb.ratl  cdoetlrltp, 
P.rtlel.t,  Tri.ipsrt  pr.p.rtl..,)  (•CiUula. 
or  r.rl.tlo.i,  Pirtl.l  dif tor.iit Ul  .q.ctl..., 
Ti'mcr  •■•Ijr.lt.) 

A.  itteapt  to  obtoln  l.toraotloo  obo.t  tkt 
ititloiiocy  ooii.qunibrtoR  itoto  of  •  field 
three, b  ehleh  beet  It  floele,  doocrlbtd.  The 
field  li  le  centeot  elth  otverol  beet  reoerrelri 
ot  differtet  tORperotere.  eed  1.  ooieRod  to  be 
deterlbed  by  ee  eeitRble  deeilty  Rbicb  ietliflei 
•  ,eeoreltted  Lloerllle  eqeetloe,  Oer  Retbod 
cohtiito  of  RtelRlile,  ■  potitire  feeetlonel 
ehicb  vehl.be.  ohiy  «hee  the  correct  rtetloeery 
tpece  dl  tt  r  Ibet  lor.  1.  erteRcd.  (Aether) 
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Fig.  7  (Continued) 
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A0-2b*  7.n  DIv.  :f. 

(TISTP/MrA)  OTS  pritt  Ir.bO 

Aerospace  Corp..  El  Segundo,  Calil. 

HEAT  DISSIPATION  THROUGH  DIODE  LEAD  MIRES  UNDER 
STEADY-STATE  CONDITIONS. 

by  M.  D.  Bwektsan.  Oct  61,  20p.  Incl.  Hlut. 
tables  (Rept.  no,  TOR- ):iO( 2  1  2 1 ) TN-1 ) 

(Conirael  AF  04(bi7)'n.') 

Unclassified  report 

DESCRIPTORS!  (*Heot  transfer.  Diodes,  Mire, 
*Cpnduetors,  Nickel,  Copper,  Tltermal  conduc¬ 
tivity,  Electric  connectors.  Tests,  Therno- 
dynanlcs.)  (Experimental  data.  Tables, 

Functions,  Equations.) 

Results  of  an  Investigation  of  the  capabilities 
of  «lre  leads  to  function  as  heat  dissipating 
media  are  presented.  Experimental  work  related 
to  this  project  has  confirmed  that  leads  may 
serve  as  heat  sinks  to  an  extent  greater  than  has 
generally  been  recognised,  and  has  also  served’ 
as  a  basis  for  derivation  of  the  theoretical 
relationships  which  define  the  significant  param¬ 
eters  involved.  The  experiments  were  conducted 
to  generally  determine  the  effects  of  varying 
wire  lead  materials,  lengths,  and  diameters  under 
both  radiative  and  convective  ambient  conditipns. 
The  mathematical  relationships  which  have  been 
obtained  provide  quantitative  methods  for  pre¬ 
dicting  the  effect  and  behavior  of  component- 
generated  heat  on  performance,  and  will  permit 
better  correlation  between  component  w.vtt:Mje  rat¬ 
ings  as  stated  by  the  ma nu f ar t u r e r  and  noted  by 
the  user.  (Autlior) 


AD-2<  *  *<14  Olv,  25.  4.  30 
(TISTH/TCG)  OTS  price  |2.6() 

Callery  Then  leal  Co,,  Pa. 

UETEKMINATION  AND  ANALYSIS  OF  THE  POTENTIALITIES 
OF  THERMAL  ENENGY  STORAGE  MATERIALS. 

Quarterly  rept.  no.  2 ,  1  Oci-31  Dec  61, 

by  H.  H.  Mllson.  31  Dec  61,  IQp.  incl.  Ulus. 

tables . 

(Contract  AF  33{61b)7224) 

line  1  a  s  1 1  f  1  ed  report 

DESCKlPTORSi  (  ”ria  t  er  i  a  1  s  ,  High  temperature 
research,  Storage,  Thermodynamics*,  Heat  of 
fusion.  Thermal  conductivity.  Energy,  Specific 
heat.  Analysis.)  ( *Cont a  I  ner s .  *Cruclbles, 
Alloys.  Additives,  Chromium,  Liquids.  Melting, 
"Lithium  compounds.  "Horales,  Corrosion 
inhibition.)  ("Calcium  compounds,  Sllleldes, 
"Sodium  compounds.  Fluorides,)  (Laboratory 
equipment.  "Ca I  or Imet er s .  "Laboratory  furnaces, 
Tests.) 

Extensive  tests  were  conducted  to  find  a  metal 
suitable  ns  a  container  for  molten  LiH02  at 
160(  f.  Test  results  indicated  an  increasing 
corrosion  resistance  with  Increasing  Cr  content 
of  the  alloys.  Additional  tests  are  scheduled 
with  alloys  containing  a  high  percentage  of  Cr. 

D rop.c a  I  or  I  met r i c  measurements  on  CaS12  produced 
heat  content  data  to  470  C.  The  thermal  con¬ 
ductivity  apparatus  was  modified.  Measurements 
were  m«u«  on  molten  NaF  at  1U20  C;  an  approxi¬ 
mate  thermal  conductivity  value  of  5.7  btu/hr 
iq  ft  F/ft  was  obtained.  ('.onitructlon  of  the 
furnace-calorimeter  apparatus  for  measurement 
of  heat  release  rates  was  completed  except  for 
the  Ni  calorimeter  block.  (Author) 
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Fig.  7  (Continued) 


hQ 


kO-lfi  10fc  Oiv.  27,  II,  U 

(TlSTH/tJH)  OT5  prlc*  li:.  11' 

Producll  Div,,  Rtiidli  Corp,,  Soyth  Ilyyd, 

lad. 

MATCIIIALS  PHUPEMTT  UATA. 

Qaartarly  progrm  repi.  no,  3  on  PKaao  1, 

1  Oet-31  0»e  tl, 

by  Jaata  O.  Tttoa.  Jta  62,  1v.  tad.  Illat. 
tablti. 

(Caatrtct  AT  33(616)8096) 

Uaelaiilfltd  raport 

OtSCRlPfORSi  (Friellaa  brakat,  'Braha  llnlagi. 
Batadala,  BataK,  /tlleya,  Addttl«*a,  fitapblta, 
AIrcritt.)  (Talla,  Tati  aqalpaaat,  Tati  tacll- 
lllai.  High  taaparatora  raiaarck.)  (Craatoa, 
Bapailti.)  (•Raekat  aatafi,  aRackal  aattr 
aatilai,  Rattrlall,  •Ralractary  aataiUlt,  la> 
lalatlag  attaiitli,  Tkaraal  taiulatlaa,  *Ra* 
tiactary  eaatlagi,  Caraali,  Cataatc  aalaatatt, 
Sllleaa  eoapaaada,  Barylllaa  coapaaadt,  Zlr- 
eaalaa  eaapaaadi,  Magaatlaa  eaapaaadi,  Oxidat, 
Tatfilaa,  Staal,  Taagitaa  tllari,  Ralybdabaa 
tllayt,  'Crapkita,  Haat  ratlitaat  palyaart.) 

Cattaatii 

Hlgk  taaparttata  •  kigk  frlctlan  aatarlalt 
Llalag  caapatitloat 
Piaaadaiai 

Bala 

Raekat  aatar  aatarlal  avalatUaa 
Tati  (adlltlat 
Jat  ptardag  tarek  data 

riaal  raport  on  27  flrlagt  oa  3.75  la.  Raekat 
Bala  froa  10  ridngt  oa  3.75  la.  Raekat 
Plaal  raport  on  1C  flrlagt  an  5.75  la.  Raekat 
Bata  froa  7  flrfaga  oa  5.75  la.  Raekat 


AD.269  603  Dir.  U,  A,  ^ 

(TISTR/BJH)  OTS  prieo  17.60 

RIdaaat  Rataarek  Intt.,  Ranaat  City,  Mo. 

RICH  TIRPERATURE  RESISTANT  TRANSPARENT  PLASTICS, 
riaal  rapt.,  15  Pab-U  Oat  61, 

by  Hoatrd  Ckrlatla  aad  Theaat  Nadrad.  31  Oat  61, 
63p.  lael.  Illat.'  ttklaa,  10  raft, 

(Caatraet  NOa  61-0673-d|  Caatlaaatlea  of  Coatraat 
NOt(t)  60-6099-e) 

Uaelattlflad  rapart 

PESCRlPTORSt  (•Triatparaat  ptaalt,  ooptlaal 
aatarlalt,  ■Optlaal  plattlet,  aOptlaal  eaat- 
tapa,  *Hatt  ratlattat  palyaart,  *Epaay  ratlat, 
Aerylle  rttlaa,  nttlat,  Plattiea.)  (Pkthtlle 
aaldt,  Aahydrldat,  Vlayl  radlealt,  Cyala- 
htaaaat,  DIaaldaa.)  (Epaaidat,  Hataroeyelle 
eeapaaada,  Pretattlap,  Aplap,  Syatkatlt.) 
(Ultrtrlalat  radittlaa,  Radibtlaa  daatpa, 

Llpht  traatalttlaa,  Natkaalail  proparilat, 
Alrerift  tlalahaa,  Sapartaala  plaaat.)  High 
taaparatara  rataarek. 

Parlfleatlaa  of  tka  diplyeldyl  atktr  ot  bltphtaol 
A  (BEBA)  by  raeaaa  diatllittlaa  tad  daealartaa- 
tlaa  of  the  trlaatkeaybaraalaa  (TRB)  aatilyit 
pradaead  aolarlatl  ttartlap  aatarlalt.  Nabetlea 
of  tkata  BBtarlblt  pradaead  a  aatar-aklta  raila. 
After  earlag  la  rtaaaB,  tka  0.25  la.  tklek 
eaitlapi  kad  a  IvalaoBt  traatailiiiaa  of  tl%. 

Saall  paantlllat  of  laa  ealor  apoay  aoralte  rai- 
In  aara  abtalaad  by  aalatalar  dlttlllatlaa  of 
a  eaaiBaralal  prodaat.  Tka  dlatlllata  raaetad 
rapidly  altk  THD  to  far*  a  ktrd  tolld  altk  Back 
loaar  color  Ikan  abtalaad  froB  any  pravlout 
ratln  of  tklt  type.  Catt  ratlat  obtained  fran 
kaxthydropktkalic  takydrida  tad  r lay leyclokaaana 
dioxide  ware  axtraBaly  notek  tantltlva  and 
briltla.  (Attkar) 
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Fig.  7  (Continyed) 
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/I0.16<>  7!}  DIt.  IT 
(TISTK/6IC)  OTS  I2.JO 

rrtcatliaf,  tlfCO,  Tkaaittsa  Ha** 
■aal4rl4fa,  laa.,  Ciaaalaid,  Okla. 

DIVILOMINT  and  ITALUATION  Of  NtCN  TMrMATlIRt 
rROTICTITI  COATINGS  TOR  COLUHBIUM  ALLOTS.  TART 
II.  COATING  tVALUATION, 

laot.  Tar  Apr  60<Jaaa  61  aa  Natallla  Natarlala, 
bp  R.  A.  Jaffarpi  aaS  J,  0,  GaSS,  tap  61, 
lOlp.  laal,  lllal.  lablai. 

(caatrtat  AT  ))(616)7219,  RraJ.  7391) 

(ASO  TR  61-66,  pt.  2)  UaalaiiitlaS  rapart 

ORS^RlSTORSt  (•Rafraetara  eaatta|t,  amtSlaB 
allapa,  Titaalaa  allapi,  NalfbSaaaa  allara, 
Taapataa  allapi,  Zlrcaaiaa  allapa,  aNIablaa, 
HlfR  (laparatara  raiaatck,  'naat  raalataat 
allapa.)  (OxISatlaa,  traalaa,  Tkaraal 
airaaaaa,  Haekaalcal  prapartlaa.)  •0«ISatlaa 
laklbltari. 

A  aaaparatlaa  aaalaatlaa  aaa  aaSa  at  It  aaatlat- 
baia  aatal  apitaaa,  ala  tlffaraat  caatlafa 
appllat  ta  )  Nb  kaaa  aalarlali  (11-31  allap,  t-it 

tllap  pat  aaallapat  Nb) .  Tha  It  aaatlat-baaa 
aatal  apitaaa  aara  taitat  aatar  tka  aaaa  aaatl- 
tlaaa  la  apclla  aaltatlaa  (2300  aat  2900  T), 
tkaraal  ikack  (2900  ta  290  r) ,  baat-aaltatlaa 
(2900  P)  aat  itraia-axiaatlai  (2900  r)  plaa 
taailla  taata.  Tka  taita  pradacat  diraatip 
aaaparabla  data  bataaaa  tka  aaatlat-baaa  aatal 
dpataas  ralatiaf  la  tka  prataatira  aatara  at  aaak 
aaatlaf  aid  tka  attaet  at  tka  eaatlaf  aad  tka 
aaallat  Iraataaal  aa  tka  aaakaalcal  prapartlaa 
at  tka  aabitrata.  (Aatkar) 


Ab-269  712 
(TItTP/«N) 


bir. 

priea 


p.  9, 
il.60 


29 


RAND  Carp,,  taata  Naalaa,  Callt, 

AN  ADtABATlC-ltOTRRRHAL  NOZZLI, 

At  Vt  b.  ttapaaakak,  tt.  bp  Tap  R,  Oatlap, 
Daa  61,  lOp,  3  rata.  (Rapt,  aa.  RN-2930-IIR) 
(Traaa,  traa  taakaaaraa-PItiUkaakli  tkaraal 
(iaaraal  at  tatlaaarlaf  Ppilal)  ral.  2, 

PP.  66-71,  1999) 

(Caatraal  AT  49(636)700,  PraJ,  RAND). 

Oaalaaaitlad  rapart 


RttCtlPTORRi  (aNaailaa,  Daalaa,  kAdlibatIa 
taa  tlaa,  Ratkaaatlail  aaalpalt,  Naaarlatl 
aatkadi  aad  prapadaraa,  ttaatlaat  at.ttata, 
Tkaraadpaialaa,)  (*Adlakatla  fat  flaw, 
•Caapraaalkla  tlaa,  Tkaraal  aapaaalaa,  Naat 
at  raaatlaa,  tqaatlaaa  at  atata,)  Aara- 
dpaaalai,  OSIt, 


A  aatkad  it  praiaatad  tar  tka  aaaatt  aaledlattaR 
tar  a  akaaltallp  aatira  tlaa  at  a  aaaataat 
atatia  taaparatara,  (Aatkar) 


J.3 

k«tll 


J.3 

k.IZO 


Fig .  7  (Continued) 
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)16  Dlv.  U.  1 
(TISTM/GKC)  OTS  prU*  l).;0 

NcGria-NIII  Beak  Ct.,  lac.,  Nt«  Yark. 

MBDIOOI  or  riBROUS  MkTERIALS. 

BapI  tar  Aa|  60-kap  61  aa  Batarlala  AppI  Icatlaat, 
Bp  Balkar  S.  Bakar  aaP  Eraaat  A.  Baaaall. 

Oak  61,  19Jp.  lael.  Illaa.  kaklaa,  26  raft. 
(Caakrick  Ar  ])(616)7)04.  fraj.  7}B1|  ta  caapara- 
klaa  alkk  PakrU  Baaaarck  Labi,  lac.) 

(BABB  TB  60-)a4.  pk .  2) 

Uaclaictriatf  rapark 

BESCBirTOBSt  (•llaadkaaka .  aTaakllaa,  •Srakhat- 
la  flbara,  *rihara,  Cardapa,  Nplaa,  Bacraa, 

Baaa larak laa ,  Parachaka  rabriea,  Caaklapa.) 
(rkpalaal  praparklaa,  Bachaalcal  praparklaa, 
Paraalkp,  Saalparaiaakl  1 1 1  p ,  Cllaakic  factara, 
ladlaklaa  aCfaeka,  Taaparatara,  Aaradpaaalc 
haaklaf,  Caallap,  Aplap,  Frieklaa.) 

•BIbl  laprapkp. 

Caakaakai  Aplap  prapcrktct|  Basipa  daka,  haalri 
friaklaa,  abrailaa,  aaari  lapaek  laadlap) 
faraalkr  aad  air  paraaabll  Itp)  Saatablllkpi 
iaalipbk  aad  aaatkar  raalikaaea,  Taaparakarc 
praparklaa)  Chaalcal  raatalaaca)  Kadlaklaa 
praparklaa)  Aaradpaaalc  kaallap. 


J-3 


H>lll 


AO-264  96;  OIr.  9 
(TI$Tr/TL)  OTS  priea  ll.io 

Oarhaa  U.  (Gk.  Brik. ) . 

BESEAICN  ON  THERNAL  CONVECTION  IN  ROTATING 
FLUIBS. 

Tackalcal  aaaaarp  rapk.  aa.  1,  1  Bar  S9-31  Aap  60, 
bp  Rapaaad  Hlda.  Jaa  61,  9p.  7  rata, 

(Caairack  AT  61(0;2)216) 

(AFCRL-BO;)  Uaelaaaltlal  rapark 

BESCRirTORSi  (Cpiladrical  badlaa,  APlalda. 
■rialda  tiaa,  Rakaklaa,  Tharaadpaaalea ,  Naak 
t raaa far ,r.Caaraek laa. )  (Llaalda,  Haak 
kraaatar.  Hpdradpaaalea . J  HCBakar,  Glpcala, 
Baaalkp,  Accalaraklaa,  Grarlkp,  Taapartkara, 
Oaclllaklaa,  Vlacaalkp.) 

Thia  rapark  aaaaarlaaa  prapraaa  aada  alkh  kaa 
laraak Ipak laaa  at  kkaraal  caaraeklaa  la  a  rakak- 
lap  llpald  caakalaad  bakiaaaa  aaacaakrle  cplla- 
dari.  la  kha  firak,  earatal  aaaaaraaiaaka  at  kka 
kaak  kraaafar  caaffictaak  at  dlttaraak  rakaa  at 
rakaklaa  aara  nada  aad  akrihlap  raaalka  abkalaad. 
la  kka  aacaad,  aa  aakaaalaa  at  aarllar  «ark  aa 
laikabl I II laa  aad  akbar  praparklaa  at  kka  aara 
raplaa,  la  balap  earriad  aak.  (Aakkar) 


j-3 


k>030 


♦Those  terms  were  not  Included  on  the 
magnetic  tape. 


Fig.  7  (Continued) 


AO-269  553  Oi».  25.  30 
(TlSTr/«H)  OTS  prle«  $10,50 

L»CkA««4  Alrertft  Corp.,  Mirlctti.  Os. 

MAIN  PAOPCLLANT  TAIU  PRCS  Jl'A  UATION  SYSTEM 
STUDY  AND  TEST  PROORAM.  VOLUME  IV.  COMPUTER 

PROCNAH. 

Elssl  rspl,,  1  July  60-31  Oel  M. 

Dsc  61,  136p.  Incl.  lllui.  tsbt«i.  (Hept.  n». 
CR-5296) 

(Csstraelt  AE  04(611)6087  ssd  AF  04(611)7032. 

PrsJ.  6753) 

(SSO  Ti  61-21,  vol.  4)  UneUiiifled  report 

OCSCRlPTORSt  (Guided  nliilles,  Cue]  tsnhi. 
•Prepelltni  leeki.  •Rest  trtnifer.  Aerodynseilc 
keitlNR.}  (TAerwodjrntiiUi,  E<|yitioni.  Ulg- 
Itdl  eowpuleri,  •ProgrsMslng.)  iPretiure 
tenhi,  Gttei.  Rest  trsnifer.) 

A  toMputer  pregris  shlcli  etn  be  used  to  determine 
the  preiiurltlng  gai  reguirementi  fsr  •  mliille 
propellent  tank  preiiur Ire t Ion  syttem  It  de- 
icrlbed.  The  progrim  li  ipplleeble  to  both 
eryogenit  end  itornble  propellontt  when  prei- 
lerlsed  with  itered  gei,  eviporeted  propellent, 
end  mein  tenk  Injection  methodi  of 
presfurlsetion.  (Author) 


AD-2»  «  <81  Div.  2^'.  4 
TISTM/GEC;  OTS  price  $2.M’ 

Novol  Ordnance  Lab.,  White  Oak.  Md . 

THERMODYNAMIC  PROPERTIES  OF  POLYFTMYLENE . 
by  R.  W.  Warfield  and  M.  C.  Pelree.  ^  Aug  (1. 
1‘p.  InrI.  illus.  tablet,  18  reft,  (Rept.  no. 
NOLTR  »  I-  ’2) 

Unclatilfled  report 

DESCRIPTORS!  i  •  Po  I  vine  r  i  .  "Fthylenei,  •Thermo- 
dynamlrs,  Spreifir  heat.  Entropy.  Enthalpy, 
Traniitlon  lemperalure,  Theory.) 

The  lark  of  fundamental  data  on  the  propertlet 
of  polyethylene  prompted  a  study  of  the  atalN 
ab I e  1  he rmodynam i c  parameters  of  this  material 
From  published  datn  th^  entropy,  enthalpy,  and 
Gibbs  free  energy  values  of  conventional  high 
pressure  polyethylene  were  calculated  over  the 
range  ^  to  '1'  K.  The  use  of  a  linear  Taraiiov 
function  to  estimate  the  specific  heat  of  poly¬ 
ethylene  Is  discussed.  The  thermodynamic  func¬ 
tion.  Cp/T  versus  T.  has  been  calculated  and 
exhibits  an  increase  at  <  '  h.  An  approximation 
is  made  of  the  number  of  vibrating  units  per  re¬ 
peating  unit  at  2^'  K.  Cp-Cv  is  calculated  at 
•  K  and  found  to  be  .'P.’  rol/'deg  gm.  »Author 


i-3 

k»02l  k«02l 


Fig.  7  (Continued) 
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tD-269  773  Ul».  17,  4.  75 
(TlSTK/mH)  01$  rriet  li.lO 

tt«etrl<  Carp.,  rittibatali.  Pa. 
OIIDATION  or  TUNGSTEN  AND  TUNGSTEN  BASED  ALLOTS. 
Sapt.  far  Aaf  S9-Daa  60  aa  Natallle  Hatarlali, 

Sr  P.  E,  BlaekSara,  E.  P.  Aadraa  aad  atkari, 

Jaaa  61,  74p.  tael.  Itlai.  tablaa,  22  rafa. 

(Caatraet  Ar  33(616)5770,  PraJ.  7351) 

(■ADC  TS  59>375,  pt.  2)  Uaalaiittlad  rapart 

DESCAIPTOASi  (Safraetarr  aatarlala,  *Taapitaa, 
'Taafitaa  tllart,  Taatalaa  allaya,  ‘Oaidatlaa, 
Cbaaleal  raaetlaai,  Raactlaa  klaatlet.  High 
taaparatara  raaaareh,  Taagataa  eaapaaada, 
Oatdai,  Vapar  praaiara,  Tbaraadraaalea.  tiaat 
at  faraatlaa.)  (Tail  agulpaaat,  ¥aeaua 
faraaeai,  Taaparatara,  Ptattara,  E-ray  dlf- 
fraatlaa  aaalyali,  aieraphatagrapky,  Haatiag, 
ladaetlaa  haatiag.) 

Tka  raialti  at  atadlaa  ralattd  ta  tka  aaldatiaa 
at  ■  aad  Ita  allaya  ara  atadiad.  Tha  praaaara 
at  *03  palyaari  arar  *02  aai  aiaaaarad  la  a  ■ 
laadiaa  aall  aad  taaad  ta  agraa  «itk  ■aaaara- 
■aata  la  a  Pt  aall.  Lltaratara  data  tar  *02 
■03  wara  aaaklaad  altk  rapar  praaaaraa  datar- 
■  laad  ta  tkla  prajaat  ta  tlra  tkaraadyaaaita 
ralaaa  far  ■10040  aad  ■20050.  ■  aaldatiaa  ratal 

■ara  aatiarad  fraa  OOO  ta  1700  C  aad  la  0  prai- 
iarai  bataaaa  0.2  aad  0,02  ataaaabarai.  Tka 
aftaati  at  0  praaiara  ladiaata  tkat  tka  rata 
■ay  ba  gaaaraad  by  0  diiiaalatlaf  ta  ataai  at 
tka  raaetlag  lartaaa,  Tka  aaldatiaa  rata  li  daa- 
aaitratad  ta  ba  ladapaadaat  at  tka  aalda  arapara- 
tlaa  rata.  All  at  tka  arldaaaa  ladlaataa  tkat 
It  aa  aalda  barriar  layar  li  praaa'at  at  taapara- 
tarai  abara  OOO  C  It  aait  ba  tary  tkla.  Stadlai 
aa  tka  aaldatiaa  at  Ta  -  ■  allayi  bataaaa  OOO 
aad  1200  C  ladiaata  that  tka  50-50  allay  kai  tha 
graatait  aaldatiaa  railitaaaa,  aaldlalag  at  a 
rata  ai  aaah  ai  10  tlaai  ilaaar  tkaa  ■  alaaa. 
(Aatkar) 


AD-269  792  Dir.  21,  30 
(TISTA/SED)  OTS  prlea  $1.60 

Aaraipaaa  lataraatlaa  Dir.,  aalklagtaa,  D,  C. 
SOVIET  NUCLEAO  INSTRUMENTATION  AND  CONTROL  POR 
PROPULSION. 

■aatkly  rapt.  aa.  9,  10  Sap-10  Nar  61. 

11  Dae  61,  15p.  laal.  Illai.  7  rati.  (AID  rapt. 
61-152) 

Uaalaiilflad  rapart 

DESCRIPTORS!  ('Ctaaa  aeaatari,  *SalRtlllatlea 
eaaatari,  Dailga.)  (Cal  tlaa,  Maaiaraaaat, 
rpiaaaatari,  Dailga.)  (*Hataragaaaaai  raae- 
tari,  Naelaar  raaatleai,  Raaetar  riaatlrlty, 
Critlaal  aiiaabllaa^  Raaetar  tkaery.)  (Naalaar 
paaar  alaati,  rPaal  alanaati,  Radleaativa 
■aita.)  (Laa  praiaara  raiaareh,  rpaaaaatle 
larraaaakaaliai,  Aataaatla,  Caatrel  lyataiaa, 
Dailga.)  (*Llgald  aatali,  Haat  traaitar, 
Tarbalaat  tlaa.  Plaid  tlaa  la  Plpai,) 

Caataatii 

Dlttaraatlil  aatkad  far  dataralalag  the  aftl- 
elaaay  at  a  gaaaa  aaaatar 
Paaaaatla  latagratar  alth  iparladia  aalt  tkrattla 
aparitlag  la  tka  laa-graiiara  raage 
Put  aaatraa  lalatlllatlaa  aaaatar  alth  laa 
laailtlrlty  ta  gaaaa  baakgraaad 
Naa  priaalpla  tar  aaaiarlag  gai  tlaa 
Eaparlaaatal  itady  at  tha  affaati  at  lataraatlaa 
bataaaa  tae  lakerltlaal  raactari  (laraitlgatlaa 
at  tka  arltlaal  paraaatari  at  raaetar  iyitaaa| 
eallaatlaa  at  artlelai) 

laraitlgatlaa  at  tka  ipant  faal  alaaaatl  at  tka 
Pint  Naelaar  Paaar  Pleat 
Meat  traaifar  la  tarbalaat  flea  at  llgaid  aatali 
la  plpai 


j-3 

k*02l 
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»-269  Mi  OIt.  1},  9 
(TISTA/«*«)  OTS  prl«<  |1.iO 

('•rtlfa  Tteli.  BIt.,  Air  ftret  Sjrttrai  CaMiad, 
*rlf At-9itttri««  Air  faret  taaa,  OAla, 

NEAT  EXCHANGE  AT  THE  rHONTAL  NOINTS  Of  BLUNT 
BBBIES  HASHEB  BT  A  SUEENSONIC  GAS  ELON. 
kf  T,  E,  Natalarlak.  7  Aaf  61,  t6p.  lael.  Illaa. 
(Traat,  la.  BCL'IION/I  af  Eaaraktirapp  I 
LtakItiTT  Taplaakaaa,  Bateaa,  pp.  16-24,  I960) 
UaelaaairieP  rapart 

BESCBtETBBSt  (rBlaat  kadtra,  Aaradpaaaica , 
Saparaaalea,  AaradpaaaU  kaatlap,  Haat  traaa- 
far.  Batkaattical  aaalptla.  USSN.) 

i-3 

k«02l 


AD-269  U8  Dtv.  22,  U,  i,  25,  9 
(TtSTA/SEB)  OTS  price  M.10 

Ar«jr  Rocket  end  Culded  NIcille  Agenejr, 

Huntivllle,  Ale. 

OUAftTERLY  RESEARCH  REVIEW  NO.  30,  1  MAY- 
31  JULY  61 . 

1  Nov  61,  ROp.  led,  lllus.  teblei,  36  refi. 
(Rept.  no.  ARGNA  TN  2niN-30) 

Uncliiil fled  report 

DESCRIPTORS!  (Reinforcing  meterlali,  Gleet 
toKtllee,  "Phenolic  retlni,  Mechanlcel  prop- 
ertlei.)  ("Boron,  Preperetlon,  Perlflce- 
tion.)  (Neeleer  phjrtlce,  "Rndl  onet  I  ve  deeejr.) 
(Ethjrlene,  Nitrogen  coMpoende,  Plvorldei,  Ca«- 
biiition.)  (Cleetrenici.  Atmoipherlei,  "Nolle 
aneljrxeri,  Theory.)  (Getei,  "Regnet ehydrody- 
nenlei,  Pleime  phyilei,  Pleime  jete,  High  ten- 
peretvre  reienreh.)  ("Hypersonic  wind  tunneli, 
Hyperionlcip  Re-entry  nerodynetnl cs ,  Aeredy- 
nemlc  heeling,  Slmwlet Ion.)  (Solid  itete 
physics.  Electrons,  Trnnspert  propertlei.) 

Contents!  MATERIALS  (ttechinici  of  neterinls  and 
strecierei  end  preperetlon  of  high  purity  boron)t 
NUCLEAR  PHYSICS  (Isooerle  yields  from  (n,  2n) 
reactions);  PUELS  AND  COMBUSTION  (Burning  rates 
of  ethylene-NF3)  I  PHYSICAL  ELECTRONICS  (Spectrum 
of  nmpi I t vde-modol nt ed  noise  efter  snuare-|aw 
detection  II)t  HICeH  TEMPERATURE  PHYSICS  (Simpli¬ 
fied  probe  theory  III,  Pleime  Jrt  In  probe  meas¬ 
urements,  Analysis  of  probe  detn  by  slmpliried 
double  probe  theory.  Graphs  for  the  truncation 
of  partitinn  functions  of  selertnd  elements, 
Control  system  for  the  hyperthrrmnl  test  facil¬ 
ity,  end  Electron  capture  In  n  magnetic  field); 
and  SOLID  STATE  PHYSICS  (Transport  of  fast 
electrons) . 


j-3 
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Fig.  7  (Continued) 


t0-2&9  160  Olf.  17,  27,  1,  20 
(TtSTI/GKC)  OTS  prlet  17, 60 

ftrilf*  Tteli.  DIT|,  Air  Farei  Spttciit  Ctaatad, 
*Tlf6t-f <tttri«a  Mr  Fare*  Bta*,  Okl*. 
INVCSTICATIONS  OF  IIC«T  RESISTANT  ALLOYS  (SELECTED 
ART tCLES) , (It! ItAaraal yt  ZhtrapreekaykN  Ssltrar 
(TtkAy  12))), 

4  D«c  61,  69r,  11  refi.  (Trtkt.  as.  FTD-TT-61-31 
•f  CaiaRiritttkkty*  Ntaekaa-T*kkklek*tk*y« 
laRttat'itaa  OkaraaRit,  Naakaa,  pp.  17*)4, 

4S-)2,  aa4  6S-6S,  I960] 

Uaclaialflad  rapart 

OESCRIFTORSi  (aNaat  raalataat  allaya, 
■Carraiiaa>railitaat  illara,  Hlfk  laaparktara 
raiaarck,  Stalalaii  ilaal,  Aattaatita,  Staal, 
Tltaalaa  allaTl,  Alaalaaa  atlapt,  Taafttaa 
allaya,  Slllcaa  altaya,  Cktaalaa  allayt, 

•araa  allart.)  (Taiti,  Cryttal  itraetara, 
Cralai  (Natallarfr) ,  Naekaaleal  prapanltt, 
Fkrileal  prapartlai,  Sarfaea  prapartlat.) 
(AIrtraft,  Nypartaalet,  Sapartaala  plaaai. 

Cat  tarklaa  klapat  far  Jat  aaflaat,  Nacletr 
paaar  plaatt.)  USSR, 

Caalaaitt 

Salactlaa  allarlaf  at  a  aatkaR  tar  lapraalap 
kaal  railltaaaa,  kr  S,  I.  Vlaarar 
larattiRatlaa  af  tka  RapaaRaaaa  af  tka  atraetara 
aaR  prapartlat  af  Rtt  tarklaa  klaOat  aa  tka 
Raratlaa  af  aparatlaat,  ky  S,  T.  RItkkIa, 

A,  A.  Rlypla,  N,  T.  Raryaklaa 
Straaftk  af  allayt  la  caataet  altk  Na,  ky  S,  T. 

RItkkIi,  taO  C.  r.  RaaaRlktaaa 
NIjk  taaparatara  carratlaa  ratlttaaaa,  ky  0.  N. 
Oaklaia 


A0-J7('  'IPI  Oil  .  12 

(TISTA/SI.II)  OTS  pricr  41  Cl 

National  Aarnnani  Iti  anil  Space  Ailal  n  I  il  ra  1 1  an  , 
Naik  Imjlon ,  D.  C  . 

DETERMINATION  UF  Nl'CLEAR-NOCkI  T  RUNI.R  LEVELS  EUR 
UNMANNED  MARS  VEIIIiLkS  STARTINU  FROM  URItlT  ANOt  T 
EARTH, 

ky  Richard  II.  CavIcekI  and  Jaaaa  N.  Miner. 

Jan  12,  40p.  Incl.  lllua.  8  raft.  (NASA  TacknI- 
cal  note  D-474) 

Uncitailflad  report 

Alia  avallakla  fron  NASA.  Moth.  2S,  D.  C.  at 
NASA  Technical  aata  D-474. 

DESCRIFTORIl  (Spttp  flight.  hSpaca  prabat, 
Mara,  Sptepiktgi,  kNatlttr  prapalilan, 
Hydragan,  Taaptrtttrt,  Tkratt,  Specific 
lapnlia,  Datiga,  Fattiblllty  ttadlac,  Military 
raqalreaantl.  Tkaary,  NalhaMtlctl  taalytit.) 

Nnclear-paaarad  Etrtk-arkittl-ltanck  prakat  eta 
place  greater  payloadt  In  arklt  abaat  Mart  than 
chaalctl  aehlclai  It  reactor  paaar  ancaadt 
SO  an.  Saltabla  roaettr  panera  for  thit  nlttlan 
are  about  ISO,  400,  and  1000  an  far  )},noO- 
R1.00U-,  and  200, 000-lb  vaklclat,  ratpactlaaly. 
Mhorati  a  J),000-lb  aahicia  ragalraa  greater 
than  a  200-day  caatt,  a  14S-day  coott  It  fea- 
tlbla  far  an  81,000-lb  aaklcla.  A  hydragan 
taaparatara  af  4000  F  In  tka  naacla  appaart  ta 
be  a  goad  caapraalaa.  Uaa  af  a  t ol Id-prapa I  lent 
racket  ta  acklara  aa  arklt  abaat  Mart  fraa 
coaat  ylrldt  na  payload  adaanttga.  Ualng 
aptlman  firing  datai,  a  }},COO-lb  aaklcla 
canid  arklt  an  acceptable  payload  abaat  Mart, 
and  an  81.ooo-lb  aaklcla  canid  land  fralgkt  on 
Mara.  (Aathor) 
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Fig.  7  (Continued) 
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